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Aw.  I. — Photometric  Experiments.  Part  Second. — On  the 
amount  of  light  transmitted  by  plates  of  polished  crown  gla^s  at 
a  perpendicular  incidence;  by  Ogden  N.  Rood,  Professor  of 
Pnysics  in  Columbia  College. 

It  would  seem  that  in  the  direct  photometric  experiments  on 
this  matter,  the  iostrumental  means  employed  have  been  more 
or  less  defective,  in  consequence  of  which  the  results  gained, 
although  having  a  certain  amount  of  general  correctness,  still 
leave  much  to  be  desired.  The  main  sources  of  error  have  been, 
first,  the  use  of  a  defective  mode  of  making  the  compensations, 
not  allowing  the  experimenter  to  take  full  advantage  of  the  sen- 
sitivenesB  oi  the  eye,  and  secondly  the  employment  of  two  sources 
of  light,  which  always  brings  with  it  another  set  of  unavoidable 
errors.  Apart  from  this,  in  cases  when  the  amount  of  reflected 
or  transmitted  li^ht  has  been  thus  approximately  obtained,  the 
indices  of  refitiction  of  the  substances  used  do  not  seem  to  have 
been  determined,  so  that  ior  perpendicular  incidence^  slender  data 
exist  for  comparing  the  results  of  theory  and  experiment 

It  will  be  seen  in  what  follows,  that,  to  avoid  the  variability 
caused  by  two  sources  of  light,  I  have  devised  a  method  in 
which  only  a  single  gas-flame  is  employed,  the  light  being  di- 
vided in  such  a  way  mat  a  certain  portion  of  it  always  illumi- 
nates the  posterior  side  of  the  screen,  while  the  other  portion  is 
reflected  from  a  movable  mirror,  and  pursues  its  way  unob- 
structed to  the  screen,  or  is  transmitted  to  it  by  the  plate  under 
experiment     The  compensation  is  made  by  moving  the  mirror, 
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and'wliM  oface' effected  of  coarse  remains  undisturbed  by  fluc- 
tuations of  the  flame.  In  addition  to  this  it  will  also  be  observed 
that  a  more  delicate  screen,  constructed,  however,  on  the  general 
principles  indicated  in  the  flrst  part  of  this  paper,  has  been  em- 
ployed, and  these  modifications,  taken  in  connection  with  cer- 
tain precautions  described  below,  have  given  the  results  an 
accuracy  superior  to  that  attained  in  the  experiments  on  silver 
mirrors. 

Arrangement  of  ihe  photometer  with  a  single  gas  flame  for  ex- 
periments on  the  amount  of  light  transmitted  by  plates  of  various 
substances. 

The  source  of  light  is  a  small  gas  flame  at  L,  about  an  inch 
in  height,  the  gas  flowing  as  before  jfrom  a 

f)lain  circular  opening.  A  portion  of  its 
ight,  L  A,  directly  illuminates  the  screen 
S,  while  another  portion  N  A  is  reflected 
on  the  screen  by  a  Liebig's  mirror,  one 
protected  by  a  coating  of  copper  being 
selected :  this  equalizes  the  light  on  both 
sides  of  the  bare  "spot"  in  S.  A  third 
portion  of  the  light  from  L  fisJls  on  M,  a 
mirror  like  that  just  mentioned,  and  there 
is  reflected  perpendicularly  through  P, 
the  plate  under  examination,  on  &  the 
ground  glass.  It  will  be  observed  that 
the  path  pursued  by  the  light  in  this  lat- 
ter case  IS  the  distance  LM+MG:  by 
the  graduation  on  the  instrument  M  G  is 
actually  measured,  GP  is  known;  also 
PL;  hence  we  have  the  means  of  calcu- 
lating the  distance  ML,  which  is  to  be 
added  to  M  G,  giving  the  distance  requir- 
ed. As  these  calculations  involve  some 
labor,  I  constructed  for  my  instrument  a  table  by  which  the 
measured  distance  GM,  is  readily  converted  into  the  total  dis- 
tance. 

The  photometer  was  the  same  as  that  described  in  the  first 
part  of  this  paper,  the  following  changes  having  been  intro- 
duced :  the  "  spot "  on  the  screen  was  made  much  smaller,  being 
only  about  j\  of  an  inch  in  horizontal  diameter,  with  a  length 
about  three  times  as  great ;  it  was  observed  by  a  small  telescope 
T,  magnifying  six  diameters.  This  r^uction  in  the  size  of  the 
"spot  *  rendered  it  possible  to  illuminate  the  ground  surrounding 
it  in  a  manner  beyond  reproach. 
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Mode  of  adjusting  the  apparatus  for  experiment 

1st  The  center  of  the  flame  at  L,  and  the  center  of  the  mir- 
ror M,  must  be  at  the  same  height  above  the  common  base. 

2nd.  The  screen  and  plates  to  be  examined  are  to  be  made 
perpendicular  to  the  axis  of  the  instrument,  by  the  aid  of  the 
small  gas  flame  mentioned  in  the  first  part  of  this  paper:  the 
telescope  T  is  also  most  readily  collimated  by  the  use  of  the 
same  flame,  the  screen,  &c.,  having  been  temporarily  removed. 

8rd.  The  mirror  M  evidently  must  be  brought  into  such  a 
position  that  it  shall  send  the  ray  MP  perpendicularly  to  P,  or 
along  the  axis  of  the  instrument  when  its  distance  is  such  as  to 
effect  compensation ;  for  if  the  reflected  ray  were  sent  obliquely 
throueh  tne  CTOund  glass  plate  G,  noticeable  errors  would  be 
introouced.  This  adjustment,  which  is  important  if  good  results 
are  expected,  is  best  effected  by  making  one  or  two  compensa- 
tions so  as  to  determine  approximately  the  correct  distance  of 
the  mirror,  which  is  then  rotated  on  its  vertical  axis  so  that  the 
reflected  image  of  the  flame  is  made  to  fall  in  the  center  of  the 
field  of  the  telescope,  the  screen  having  been  previously  removed. 
By  a  repetition  of  this  operation  finally  the  mirror  is  brought  into 
its  proper  position,  when  a  single  series  of  measurements  can  be 
made,  the  minute  differences  in  the  individual  compensations 
introducing  no  appreciable  errors.  When,  however,  the  com- 
pensation point  itself  has  been  shifted  by  the  introduction  or 
removal  oi  a  plate  of  glass,  the  mirror  will  correspondingly  be 
moved  away  or  toward  S,  and  of  course  the  ray  MP  will  be 
sent  a  little  to  the  right  or  left,  and  it  becomes  necessary  to  de- 
vise some  simple  way  in  which  this  diflBculty  can  be  obviated, 
without  in  each  instance  removing  the  screen  and  altering  the 
focus  of  the  telescopa 

The  mirror  then  Deing  actually  in  adjustment,  this,  when  lost, 
can  be  recovered  as  follows :  in  the  screen  B  about  four  inches 
above  the  telescope  is  a  circular  aperture  yV  of  an  inch  in 
width ;  the  reflection  of  the  flame  m  the  mirror  is  observed 
through  it  with  the  naked  eye,  and  the  image  of  the  flame  is 
seen  higher  up  on  the  mirror,  and  is  made  to  coincide  with  a 
short  black  line  drawn  there  previously.  The  ray  MP  can  al- 
ways thus  be  made  to  coincide  with  the  axis  of  the  instrument, 
it  not  even  being  necessary  for  the  observer  to  leave  his  seat  or 
diminish  the  sensitiveness  of  the  eye  by  exposure.  I  am  par- 
ticular  in  describing  this  precaution,  having  in  my  own  case  re- 
jected the  results  oi  1800  compensations  which  were  made  with 
a  comparative  lack  of  attention  to  this  single  point 
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Mode  ofmea^wring  the  ammmt  of  light  transmitted  by  a  plate  of 

glassj  (tc. 

1st  The  plate  is  placed  at  P  and  collimated  by  the  use  of  the 
small  gas  flame. 

2nd.  A  compensation  is  effected  by  moving  the  mirror. 

Srd.  The  mirror  is  adjusted  by  the  use  of  the  aperture  in  B, 
and  another  compensation  made,  followed  by  a  second  adjust- 
ment of  the  mirror,  if  necessary. 

4th.  A  series  of  careful  compensations  are  now  made,  alter- 
nately by  the  approach  and  recession  of  the  mirror;  these  are  regis- 
tered on  the  fillet  of  paper. 

5tL  The  plate  is  removed  without  the  experimenter  changing 
position  or  exposing  the  eye  to  bright  light,  and  a  compensation 
18  made  which  necessitates  of  course  a  new  adjustment  of  the 
mirror  by  the  aid  of  the  aperture  in  the  screen  B.  Finally,  a 
series  of  compensations  are  effected  with  the  free  flame  and 
registered.- 

At  this  point  it  may  be  well  to  notice  an  objection  which 
might  be  urged  to  this  mode  of  experimenting,  viz  :  it  is  evident 
that  the  angles  at  which  the  light  is  reflected  from  the  mirror 
will  not  be  identical  in  the  presence  and  absence  of  the  plate  of 
glass,  and  as  the  amount  of  light  reflected  by  glass  and  silver 
varies  with  the  angle  of  reflection,  this  might  become  a  source 
of  error  and  necessitate  a  correction.  With  the  plates  of  color- 
less glass  employed  by  me,  however,  the  angle  m  one  case  was 
5®  80^  and  in  the  other  6°  18',  the  difference  of  12'  being  much 
too  small  to  produce  an  appreciable  effect,  as  we  know  from  the 
results  of  olaer  experiments. 

For  the  purpose  of  showing  what  can  be  effected  by  this 
method,  I  can  perhaps  do  no  better  than  give  the  results  of  five 
sets  of  experiments ;  each  of  them  consists!  of  four  sets  of  eight 
double,  or  sixteen  single  compensations,  and  during  the  progress 
of  each  trial  the  conditions  remained  the  same.  The  experi- 
ments were  made  as  follows :  eight  double  compensations  were 
effected  with  the  photometer  and  registered ;  then  everything 
being  arranged  as  before,  a  new  set  of  compensations  were  made, 
Ac,  all  of  which  was  repeated  four  times.  The  arithmetical 
mean  of  the  distances  of  tne  source  of  light  from  the  screen  was 
then  obtained  separately  for  each  of  the  four  experiments,  and 
from  these  four  mean  values  of  the  distance,  a  final  mean  value 
was  deduced.  This  last  quantity  was  then  squared  and  com- 
pared separately  with  the  squares  of  each  of  the  first  four  mean 
oistances,  which  proceeding  tells  at  once  the  difference  of  the 
four  results  from  the  final  mean  result,  in  per  cents  or  fractions 
of  a  per  cent,  and  is  adapted  to  give  an  idea  of  the  degree  of  ac- 
curacy to  be  expected  in  this  kmd  of  observation. 
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Differences  from  mean  in  per  cents : 

Na  1.  No.  2.  No.  3.  No.  4.  No.  6. 

+  •012  --275  --252  +-678  .    --102 

+  •347  +-126  -137  --208  +-057 

+  •158  --124  +-886  -'060  +-041 

-«12  +-276  +-007  --308  +-005 

It  will  be  observed  that  in  the  twenty  experiments,  only  two 
cases  occur  in  which  the  difference  rises  slightly  above  one  half 
per  cent,  or  above  ^  J^  of  the  whole  quantity  of  light,  while  in 
nearly  all  the  other  cases  the  difference  Mis  considerably  below 
this  quantity,  and  the  average  of  their  differences  is  less  than 
0*2  per  cent,  or  less  than  j^^  of  the  whole  amount 

As  the  reliability  of  measurements  with  a  photometer  is 
evidently  connectea  with  the  power  of  the  eye  in  distinguishing 
different  degrees  of  brightness  in  adjacent  surfaces,  it  is  well  to 
review  here  briefly  the  results  that  have  been  obtained  by  dif- 
ferent observers,  as  to  the  sensitiveness  of  the  eye  under  mvor- 
able  conditions. 

The  least  difference  which  Boguer  with  his  method,  (two 
shadows,)  was  able  to  distinguish  was  ^V  ^^  ^^  whole ;  Fech- 
ner's  friends  using  the  same  method  were  able  to  reduce  this 
quantity  to  y^^.  Arago  remarked  that  where  one  of  the  illumi- 
nated surfeces  was  in  motion  smaller  differences  could  be  per- 
ceived, and  was  able  under  favorable  circumstances  to  dis- 
tinguish T^y,  while  Masson,  who  used  revolving  discs,  along 
wim  his  friends,  was  able  to  distinguish  between  j\  to  y^^  of 
the  whole  quantity  of  light  Near,  a  window  Helmholtz  was 
able  to  distmguish  with  certainty  a  difference  of  j^-^^  and  occa- 
sionally as  small  a  quantity  as  y^.^,  while  in  the  middle  of  a 
room  ne  was  able  to  appreciate  certainly  only  yf^,  seldom  and 
uncertainly  y^f.* 

In  all  tne  better  of  the  above  mentioned  experiments,  pho- 
tometers in  any  proper  sense  of  the  term  were  not  employed, 
the  best  of  them  being  made  by  the  use  of  revolving  aiscs  of 
white  paper  furnished  with  narrow  black  sectors,  which  are  cal- 
culatea  to  discover  the  absolute  sensitiveness  of  the  eye  under 
the  most  favorable  conditions.  It  must  not  however  be 
imagined  that  because  a  good  eye  can  distinguish  a  difference 
of  rjy  on  a  revolving  disc,  that  the  same  eve  would  be  able  to 
obtain  a  simOar  result  with  ordinary  forms^  of  the  photometer, 
where  the  conditions  are  far  less  favorable,  and  accordingly  it 
seemed  of  interest  to  me  to  determine  by  a  series  of  experiments 
the  average  sensitiveness  of  the  eye  while  using  the  photometric 
method  described  in  this  paper,  particularly  as  the  plan  of  using 

*  Phjsiologische  Optik,  von  H.  Helmholtz,  page  811. 
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a  single  flame  and  mirror  offered  great  facilities  for  making  these 
observations  in  a  reliable  manner.  The  following  mode  was 
employed :  the  light  jfrom  the  mirror  was  allowed  to  fall  on  the 
unobstructed  screen,  and  the  mirror  was  drawn  up  till  the  spot 
had  disappeared,  when  the  observation  was  roistered;  the 
next  compensation  was  made  bv  pushing  the  mirror  away^  and 
BO  on  alternately,  the  compensations  by  pull  and  push  being  regis- 
tered on  separate  fillets  of  paper  by  two  pens.  In  the  first  experi- 
ment fourteen  compensations  were  made  by  the  advancing,  and 
an  equal  number  by  the  retreating  mirror,  and  the  mean  oi  these 
twenty  eight  quantities  was  taken  as  the  true  distance  of  the 
mirror  from  tne  screen ;  then  on  comparing  the  mean  of  either 
set  of  compensations  with  this  true  aistance,  it  was  easy  to  as- 
certain how  great  a  difference  fi*om  the  truth  had  been  tolerated 
by  the  eye  under  the  given  circumstances.  In  the  first  experi- 
ment this  quantity  was  found  to  be  y|y,  in  a  second  similar  trial 
tI  5  of  ^^  toisl  amount  of  light  The  "  screen  "  in  these  experi- 
ments was  quite  new^  and  an  inferior  result  was  obtained  by 
using  a  "screen,"  which  had  for  six  weeks  been  exposed  quite 
unprotected  to  the  action  of  the  air ;  here  the  usual  darkening 
of  the  edges  had  begun  and  progressed  so  far  as  to  be  faintly 
visible  during  compensation. 

In  the  experiments  iust  detailed  the  highest  average  sensitive- 
ness  of  the  eye  is  only  y^j,  while  as  before  shown  in  practical 
use  the  average  difference  from  the  mean  is  less  than  ji^  of  the 
whole.  This  higher  degree  of  accuracy  results  naturally  fix)m 
the  mode  in  which  the  compensations  are  made,  (alternately  by 
approach  and  recession,)  and  the  fact  that  the  compensations  are 
tnus  interwoven,  in  such  a  manner  as  to  eliminate  errors  intro- 
duced by  the  slightly  varying  sensibility  of  the  eye. 

Mxperiments  on  the  amount  of  light  transmitted  by  plates  of  glass 

at  a  perpendicular  incidence. 

A  knowledge  of  the  amount  of  light  transmitted  and  reflected 
by  colorless  transparent  substances  has  a  certain  degree  of  in- 
terest from  a  technical  point  of  view,  enabling  opticians  to  calcu- 
late the  loss  necessarily  experienced  in  various  mstruments  fix)m 
this  source,  as  well  as  the  intensity  where  the  light  is  reflected 
from  a  single  or  from  two  parallel  surfaces  of  glass  or  other  ma- 
terial Of  far  more  importance,  however,  is  the  interest  attach- 
ing to  this  subject  from  a  theoretical  point  of  view,  and 
especially  in  connection  with  the  Undulatory  Theory  of  Light 
Formulas  for  the  intensity  of  the  reflected  and  transmitted 
beam^  at  aU  angles  have  been  deduced  by  eminent  supporters  of 
this  theory,  which  in  some  cases  have  occasioned  considerable 
discussion.     The  following  very  simple  formula  for  the  intensity 
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of  common  light  reflected  at  a  perpendicular  incidence  was  first 

(n— 1)' 
given  by  Thomas  Young;  I  •=.      ^.^  ;  the  intensity  of  the 

incident  beam  being  ecjual  to  unity,  and  n  being  the  index  of 
refraction  of  the  renectmg  substance.  The  same  formula  was 
afterwards  reached  by  Poisson  in  a  rigid  and  learned  analysis 
of  the  subject,  and  it  was  again  deduced  by  FresneL*  As  is 
well  known  Fresnel's  formtdas  were  subsequently  modified  by 
the  celebrated  Cauchy,  but  in  Cauchy*s  formula  for  reflection  as 
soon  as  the  incidence  of  the  light  differs  considerably  from  the 
polarizing  angle,  the  small  quantities  which  depend  on  e,  the 
coefficient  of  ellipticity,  become  so  much  reduced  that  they  can 
be  omitted  from  the  numerator  and  denominator,  and  Cauchy's 
formula  becomes  identical  with  Fresners.f  It  hence  appears 
that  the  formula  above  quoted  is  as  well  theoretically  es- 
tablished, as  any  which  has  been  deduced  under  the  guidance 
of  the  Undulatory  Theory,  and  one  would  naturally  suppose 
that  it  had  been  often  tested  carefully  by  experiment.  This 
does  not  seem  to  have  been  the  case,  and  1  do  not  know  that  it 
has  ever  been  rigidly  tried  by  a  delicate  photometric  method. 
On  this  account  I  have  made  a  series  of  ODservations  on  plates 
of  colorless  glass  which  are  detailed  below. 

Mode  of  experimenting. 

When  a  beam  of  light  fiills  on  a  plate  of  glass  or  other  trans- 
parent colorless  substance,  a  certain  portion  will  be  reflected, 
another  portion  transmitted,  a  third  aosorbed.  If  the  plate  of 
glass  be  colorless  and  thin,  the  portion  absorbed  will  be  smaller 
tiian  the  necessary  errors  of  observation,  so  that  it  can  safely  be 
neglected.  For  example,  Bunsen  found  that  in  using  a  plate  of 
crown  glass  4*7  millimeters  thick,  that  it  absorbed  only  j\  of 
one  jper  cent  of  the  chemical  tsljq  that  fell  on  it  at  a  perpendicu- 
lar mcidenccj  The  thickest  plate  of  glass  employed  by  me 
was  1*67  millimeters  from  surface  to  surfiice,  L  e.  about  one-third 
of  that  used  by  Bunsen,  and  as  we  know  that  the  chemical  rays 
are  extinguisEed  by  glLss  in  a  far  larger  proportion  than  tlioi 
which  are  luminous,  it  follows  that  in  the  plates  mentioned  be- 
low we  can  safely  neglect  the  internal  extinction  This  point 
being  settled,  the  mode  of  proceeding  becomes  quite  simple ;  it 
is  only  necessary  to  measure  the  amount  of  light  transmitted, 
and  the  difference  between  the  incident  and  transmitted  light 
gives  the  amount  of  that  reflected,  and  after  making  a  correc- 
tion for  internal  reflection,  we  shall  have  the  means  of  compar- 
ing the  resxdts  of  theory  and  experiment 

*  Pogg.  Annalen.  Bd.  xxil,  p.  98.  f  Jamin  in  Fogg.  Erg.,  Bd.  iii,  p.  256. 

t  ^^W'  Aimaton,  Bd.  d,  p.  241. 
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Mode  of  determining  the  indices  of  refractioTL 

In  my  experiments  on  transparent  substances,  always  where 
it  was  i^ssible  prisms  of  the  suWnce  were  grouDd  an'^  the  in- 
dex  of  refraction  of  the  sodium  line  determined  as  usual  with  a 
graduated  circle,  coUimating  and  observing  telescope.  In  the 
particular  experimente  detailed  at  the  termination  of  this  article, 
the  plates  of  glass  used  were  so  thin  that  it  was  not  practicable 
to  grind  from  them  prisms,  and  for  all  such  cases  I  contrived, 
tested  and  used  two  somewhat  new  modes  of  procedure,  as 
neither  the  method  of  the  Duke  de  Chaulnes  (alteration  of  the 
focus  of  a  microscope,)  nor  that  of  Bernard  (displacement  of  an 
image  viewed  obliquely  through  a  plate,)  were  here  foimd  to 
give  reliable  results. 

1.  A  minute  angular  fragment  of  the  glass  to  be  experi- 
mented on  was  placed  in  a  cell,  on  a  glass  slide,  like  those  used 
for  mounting  microscopic  objects,  and  surrounded  with  a  mix- 
ture of  "  body-sperm-ou  "  and  oil  of  cassia,  the  proportions  be- 
ing varied  till  the  refraction  of  the  glass  for  the  sodium  line  had 
been  exactly  compensated  by  the  oil  Olive  oil  became  turbid 
when  mixea  with  the  oil  of  cassia  and  hence  could  not  be  used. 
The  mode  of  comparing  the  refractive  power  of  the  mixture  of 
the  oils  and  glass  was  as  follows :  at  the  distance  of  half  an  inch 
below  the  level  of  a  microscope  stage  was  a  fine  slit,  cut  in  tin- 
foil which  had  been  pasted  on  glass;  the  microscope  was  fo- 
cussed  on  this,  a  sodium  flame  being  used  to  illuminate  it ;  the 
cell  with  the  oil  and  fragment  of  ^ass  was  then  placed  on  the 
stage  of  the  microscope,  and  moved  so  that  the  light  from  the 
slit  passed  through  the  angular  fragment,  when  it  would  happen 
that  the  line  of  light  would  be  refiScted  to  the  right  or  left  hand 
according  as  oil  or  glass  predominated  in  refractive  power,  which 
made  it  instantly  evident  whether  sperm  oil  or  oil  of  cassia  was 
needed-  A  number  of  experiments  were  made  to  test  this 
method,  which  was  found  to  answer  well,  the  index  of  refraction 
as  determined  by  prism  corresponding  with  that  obtained  by 
the  use  of  the  fragment :  so  in  the  case  of  a  sample  of  crown 
glass  a  triangular  prism  gave  the  index  of  refraction  as  1*526, 
while  by  the  new  method  it  was  found  to  be  1'529.  This 
method,  however,  is  capable  of  still  more  accurate  results,  as  in 
the  above  mentioned  experiments,  the  compensation  was  pushed 
only  far  enough  to  answer  my  immediate  purpose ;  that  is  to 
aay,  the  fragment  may  be  considered  to  consist  of  one  large  tri- 
aiij^ular  prism  with  a  moderate  angle,  and  a  number  of  smaller 
msms,  some  of  which  are  sure  to  have  very  large  angles ;  these 
latter  become  eflFective  when  the  glass  is  under  oil,  total  reflec- 
tion no  longer  taking  place,  and  they  act  powerfully  on  the 
light  coming  fix)m  the  slit,  still  fiimisning  faint  images  having 


0.  N.  Bood  on  Photamekric  JExperiments,  9 

isiderable  deyiation  even  after  the  main  portion  of  the 
fragment  has  ceased  to  perceptibly  deflect  it 

no  case  did  I  push  the  compensation  iax  enough  to  gather 
[  these  outstanding  beams. 

Another  method,  which  in  the  case  of  crown  glass  was 
i  to  answer  quite  well  enough  for  my  purpose  and  to  be 

convenient,  consisted  in  ftismg  to  a  sphencal  globule  a 
aent  of  the  glass,  placing  it  in  tne  mixed  oils  and  eflFecting 
)ensation  by  observing  when  the  globule  ceased  to  act  as  a 
for  which  purpose  a  small  telescope  or  the  microscope  can 
iployeA  Thus,  for  example,  a  certain  kind  of  crown  glass 
L  ground  into  a  prism  gave  as  index  of  refraction  for  the 
im  line  1'526,  woile  when  tested  according  to  this  second 
od,  the  results  of  two  experiments  were  1*5282  and  1*5285. 

pve  now  the  results  of  careftd  sets  of  experiments  on  the 
int  of  light  transmitted  by  two  different  samples  of  crown 
:  in  each  case  the  results  of  four  independent  trials  are 
t,  each  trial  being  worked  out  with  the  aid  of  seven  double 
•ensationa  In  tne  first  case  the  thickness  of  the  glass  was 
liUimeters,  the  index  of  refraction  1*6236,  and  allowing  for 
Sects  of  internal  reflection,  it  should,  according  to  theory, 
transmitted  91*736  per  cent  of  the  light  falling  on  it  Ex- 
tent gave : 

92*227 

91*371 

91*019 

91143 

91*440 

difference  •296  being  hardly  larger  than  the  necessary 
connected  with  the  method  of  mafing  the  determination, 
the  second  case  the  index  of  refraction  was  1*5225,  the 
less  1*677  millimeters,  and  by  theory  it  should  have  trans- 
1  91*763  per  cent  of  the  light  falling  on  it  Below  are  the 
results  obtained : 

90*886 

90*948 

90*892 

91-895 


91*155 

I  difference  here  of  '500  per  cent,  or  jj,^  of  the  whole 
it,  is  almost  equally  satismctory,  and  these  experiments 
I  think,  that  the  reflecting  power  of  glass  with  the  above 
of  refraction,  conforms  in  the  closest  manner  to  the  medic- 
f  theory.  Elaborate  experiments  were  also  made  witn  flint 
[juartz  and  calc-spar,  but  I  suppress  the  results,  as  it  after- 
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wards  turned  out  that  they  were  contaminated  with  minute 
errors  of  the  character  described  in  this  article  under  the  head 
"  mode  of  adjusting,  &a"  8rd ;  the  adjustment  alluded  to  hav- 
ing indeed  been  always  made,  but  not  with  a  sufficient  degree 
of  care  to  exclude  the  last  trace  of  error. 

New  York,  March  29th,  1870. 


Art.  n. —  The  Ethers  of  Arsenic  Acid  and  of  Arsenious  Add; 

by  J.  M.  Crafts.* 

Mr.  Friedel  and  I  observed,  while  studying  the  ethers  of 
silicic  acid,  that  the  silicate  of  ethyl  is  readily  decomposed  by 
heating  it  with  anhydrous  boracic  acid  in  a  sealed  tube ;  that 
pure  borate  of  ethyl  is  formed,  and  that  silicic  acid,  or  an  ether 
containing  a  very  larse  proportion  of  silicic  acid,  is  deposited  in 
the  tube.  It  occurred  to  me  that  a  similar  reaction  might  oflfer  a 
convenient  method  of  preparing  the  ethers  of  feeble  acids.  The 
ethers  of  the  acids  of  arsenic  and  antimony  and  of  tun^stic  acid 
have  not  yet  been  obtained,  and  experiments  were  made  with  a 
view  to  their  preparation,  but  I  have  only  succeeded  in  the  case 
of  arsenious  acid  in  obtaining  a  new  ether  by  the  action  of  the 
acid  upon  silicic  ether.  Another  method,  however,  afforded 
the  means  of  preparing  the  ethers  of  arsenic  acid,  and  several 
different  methods  of  preparing  the  ethers  of  arsenious  acid  have 
been  discovered-  The  present  paper  is  devoted  to  the  descrip- 
tion of  the  methylic,  etnylic  and  amylic  ethers  of  both  acids  of 
arsenic. 

Arseniatb  of  Ethyl. 

The  first  attempts  were  made  to  prepare  this  body  by  the  ac- 
tion of  arsenic  acid  on  the  silicate  of  ethyL  The  arsenic  acid 
was  dried  by  heating  it  in  a  current  of  dnr  air,  and  it  was  then 
sealed  in  a  glass  tube  with  the  silicate  oi  ethyl,  and  heated  in 
an  air-batL  After  heating  10  hours  at  210*^  centigrade  there 
appeared  to  be  no  reaction  ;  on  heating  8  hours  longer  at  230*^, 
a  considerable  quantity  of  the  arsenic  acid  dissolved  and  at  a 
little  higher  temperature  the  tube  exploded,  probably  in  conse- 
quence of  the  oxydation  of  the  ether  by  the  arsenic  acid. 

In  another  experiment  20  grams  of  silicate  of  ethyl  were 
heated  with  8  ^rams  of  arsenic  acid  for  6  hours  at  220^-230°. 
A  gelatinous  sihcate  of  ethyl  was  deposited,  and  on  opening  the 
tube  about  \  litre  of  a  gas  having  the  properties  of  ethylene  was 
evolved.  A  considerable  quantity  of  common  ether  was  formed, 
and  the  remainder  of  the  liquid  contents  of  the  tube  was  par- 

*  The  chemical  sjmbols  used  have  the  values  which  belong  to  them  in  the  new 
syslem. 
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tially  decomposed  on  distillation.  After  several  distillations  a 
small  quantity  of  a  body  was  isolated,  which  contained  arseni- 
ous,  but  no  arsenic  acid,  and  which  proved  to  be  an  impure  ar- 
senious  ether.  It  is  evident  from  these  results  that,  at  the 
temperature  required  for  the  action  of  arsenic  acid  upon  the 
silicate  of  ethyl,  the  greater  part  of  the  product  is  decomposed 
with  formation  of  conunon  ether  and  ethylene,  while  a  small 

Siuantity  of  the  arsenic  acid  is  reduced  ana  arsenite  of  ethyl  is 
ormed,  and  that  the  reaction  does  not  famish  any  arseniate  of 
ethyl. 

The  arseniate  of  ethyl  can  be  easily  prepared  by  the  action  of 
the  iodid  of  ethyl  on  the  arseniate  oi  silver — 

8CJE[Bl+AgsAsO,=3AgI-f(CaH6)«As04. 

When  the  two  bodies,  mixed  with  pure  anhydrous  ether  are 
heated  together  at  about  90°  in  a  sealed  tube,  the  reaction  is 
completed  in  a  few  hours,  and  the  point  at  which  this  takes 
place  is  marked  by  the  change  of  color  of  the  silver  salt  from 
red  to  light  yellow.  It  is  important  that  the  arseniate  of  silver 
should  be  in  excess  and  that  the  temperature  should  not  exceed 
100**,  as  the  iodid  of  ethyl  decomposes  a  portion  of  the  arseniate 
of  ethyl,  and  the  decomposition  takes  place  more  readily,  the 
Iar]ger  the  quantity  of  iodid  and  the  higher  the  temperature. 

The  liquid  together  with  the  iodid  of  silver  is  taken  from 
the  tube  and  washed  with  pure  ether  until  it  is  entirely  freed 
from  arseniate  of  ethyl.  This  operation  can  be  most  con- 
veniently performed  on  a  funnel,  provided  with  a  glass  plate 
eround  to  fit  it  A  hole  should  be  drilled  in  the  plate,  and  a 
mnnel  tube  ground  into  it,  in  order  that  the  liquid  may  be 
poured  upon  the  filter  without  removing  the  glass  plate. 

The  solution  in  ether  is  distilled  and  finally  heated  in  a 
water-bath,  while  a  current  of  dry  air  is  passed  through  it  to 
carry  oflf  the  last  trace  of  ether.  The  arseniate  of  ethyl  thus  ob- 
tained can  be  most  easily  purified  by  distillation  in  a  partial 
vacunm,  as  it  is  decomposed  in  part  bv  distUlation  in  tte  air. 
In  operations  of  this  kind  it  is  preferable  to  distil  under  a  di- 
minished pressure  rather  than  to  push  the  exhaustion  of  the  air 
as  fer  as  possible  since  the  boiling  point  remains  more  constant, 
when  the  pressure  is  high.  This  probably  is  due  in  great  part 
to  the  fact,  that  a  slight  variation  of  pressure  does  not  alter  the 
relative  pressure  so  much,  when  the  exhaustion  is  incomplete, 
as  when  it  is  nearly  complete.  For  instance,  the  pressure  may 
well  vary  2  millimeters  during  the  course  of  a  distillation,  and 
a  variation  from  5  to  7  millimeters  affects  the  boiling  point 
much  more  than  a  variation  from  200  to  202  millimeters. 

In  the  case  of  the  arseniate  of  ethyl  it  was  found  that  it  dis- 
tilled imder  a  pressure  of  60  millimeters  at  about  85®  lower  than 
in  the  air,  and  that  this  difference  of  temperature  was  sufficient 
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to  prevent  decomposition.  The  distilling  apparatus  was  pro- 
vided with  an  air  reservoir  and  with  a  mercury  guage,  and  the 
pressure  was  kept  nearly  constant  at  60  millimeters  during  the 
course  of  the  distillation. 

Arseniate  of  ethyl  distils  at  148°-150*'  under  a  pressure  of 
60  millimetera 

About  J  of  the  theoretical  quantity  are  obtained  by  the  above 
method  of  preparation. 

The  arsenic  ethers  are  immediately  decomposed  by  smallest 
traces  of  water  and  it  is  essential  that  the  common  ether  used 
in  their  preparation  should  be  absolutely  anhydroua  It  is  also 
important  for  the  operation  in  the  sealed  tuoe,  that  it  should 
contain  no  alcohol,  since  the  iodid  of  ethyl  acts  upon  alcohol 
with  formation  of  ordinary  ether  and  water.  Ether  can  be  most 
easily  freed  from  small  quantities  of  water  and  alcohol  by  di- 
gesting it  several  times  with  shavings  of  sodium,  which  can  be 
cut  with  a  knife  from  a  large  piece,  allowing  it  to  stand  each 
time  24  hours  with  the  sodium,  and  then  distilling.  Ether  so 
prepared  can  be  heated  with  sodium  to  90°  in  a  sealed  tube 
witnout  the  smallest  evolution  of  hydrogen. 

Tlie  following  analyses  were  made  of  arseniate  of  ethyl  dis- 
tilling at  148°-150°  under  a  pressure  of  60  millimeters. 

I.  Substance  =  0-2980  grnis. ;  CO^  =  0-8470  grms. ;  H^O  = 
0-1740  grms. 
IL    Substance  =  0*9260  grms. ;   arseniate  of  magnesium   and 
ammonium  =  0-7705  grms. 

The  determination  of  arsenic  was  made  by  decomposing  a 
weighed  quantity  of  the  arseniate  of  ethyl  by  water,  evapora- 
ting with  nitric  acid,  and  determining  the  arsenic  acid  as  the 
arseniate  of  magnesium  and  anmionium  on  a  weighed  filter. 

I.  IL  Calculated  for  (OaH»)a  ABO4 

C  =81-79  ....  81-86 

H=     6-49  ....  6-64 

As  =....  82-85  88-18 

The  density  of  liquid  arseniate  of  ethyl  at  0°  compared 
with  that  of  water  at  4°=l-8264.     Its  density  at  8-8°=l-3161. 

The  density  of  vapor  of  arseniate  of  ethyl  can  not  be  taken 
on  account  of  its  decomposition  by  heat  This  decomposition, 
however,  is  not  so  great,  but  that  its  boiling  point  in  the  air 
can  be  determined  with  sufficient  accuracy.  When  a  portion 
of  the  arseniate  of  ethyl,  which  has  been  purified  by  distillation 
under  a  diminished  pressure,  is  distillea  in  the  air,  the  greater 
part  of  it  passes  at  285°-288°,  but  toward  the  last  part  of  the 
distillation  decomposition  ensues,  and  a  white  frothy  deposit  of 
arsenic  acid  is  left  in  the  retort, 

Arseniate  of  ethyl  attracts  moisture  from  the  air  and  is  im- 
mediately decomposed  with  formation  of  arsenic  acid  and  al- 
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cohoL  It  dissolves  immediately  in  water,  undergoing  the  same 
decomposition.  Particular  attention  was  paid  to  the  question 
of  the  existence  of  ethyl-arseniates,  and  experiments  were  made 
under  the  most  favorable  conditions  for  observing  their  forma- 
tion, but  thus  far  with  negative  resulta  Felix  D  Arcet,  (Ann. 
Chem.  und  Pharm.,  xix,  p.  202),  gives  the  analysis  of  the  barium 
«dt  of  the  di-ethyl  arsenic  acid  Ba(CjH3)^(As04)„  ;  but 
Hugo  Schiflf  (Ann.  Chem.  und  Pharm.,  cxi,  p.  870,^  failed  to  ob- 
tain this  body  on  dissolving  arsenic  acid  in  alcohol,  evaporating 
until  the  solution  acauired  the  consistency  of  a  syrup,  dissolving 
in  water  and  neutrali2dng  with  baric  carbonate.  This  result 
ppoyes  at  least  that  no  ethyl  arsenic  acid  can  exist  in  aqueous 
solution,  and  my  own  experiments  confirm  those  of  Mr.  Schiffi 
It  appeared  possible  that  when  the  arseniate  of  ethyl  is  decom- 
posea  by  water,  the  decomposition  might  pass  through  two  sta- 
ffes,  ana  that  ethyl  arsenic  acids  might  at  least  exist  for  a  time 
m  the  aqueous  solution,  even  though  they  were  tdtimately 
completely  destroyed.  In  order  to  test  this  idea,  a  weighed 
quantity  of  arseniate  of  ethyl  was  dissolved  in  water,  litmus  so- 
lution was  added  and  it  was  neutralized  immediately  with  a 
standard  solution  of  ammonia.  If  the  decomposition  with 
water  had  been  a  gradual  one  with  formation  of  tne  acids  men- 
tioned, the  neutraJized  solution  should  have  developed  an  acid 
reaction  after  the  lapse  of  a  considerable  time.  This  was  not 
the  casa  The  same  amount  of  ammonia  was  required  for  neu- 
tralization, either  immediately,  or  after  the  solution  had  stood 
24  hours,  and  moreover,  the  reaction  was  exactiy  similar  to  that 
of  a  corresponding  quantity  of  pure  arsenic  acid  dissolved  in 
water.  It  should  be  noticed  that  no  sharp  change  of  color  can 
be  obtained  by  neutralizing  a  solution  of  arsenic  acid  containing 
Htmus  witii  ammonia. 

Another  attempt  was  made  to  obtain  the  ethyl  arsenic  acid 
in  an  alcoholic  solution.  Pure  arseniate  of  ethyl  was  mixed 
with  alcohol,  and  only  enough  aqueous  alcohol  was  added  to 
furnish  water  for  the  decomposition  expressed  by  the  reaction : 

(C.H^),  AsO,  +H,0  =  H(C,H,),  AsO,  +C,H,0 ; 

and  the  mixture  was  distilled  in  vacuo.  It  behaved  exactiy 
like  a  solution  of  arsenic  acid  in  arseniate  of  ethyl :  the  latter 
distilling  and  leaving  the  anhydrous  arsenic  acid  as  a  residue. 
It  was  thought  probable  that  m  this  experiment  the  first  pro- 
duct of  the  action  of  water  would  enter  into  the  following  reac- 
tion with  some  of  the  undecomposed  arseniate  of  ethyl : 

H(C,H,),  AsO,  +(C,H,)3  AsO,  =(C^H3),  As,0,  +C,H,0 ; 

but  no  condensed  ether  like  the  one  whose  formula  is  given  was 
obtained,  and  the  only  result  of  the  decomposition  with  aqueous 
alcohol  under  these  circumstances  is  the  setting  fi'ee  of  arsenic 
add  and  alcohol 
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Arseniate  of  ethyl  is  immediately  decomposed  by  ammonia 
with  the  formation  of  a  crystalline  body,  which  it  is  very  diffictdt 
to  obtain  pure  on  account  of  the  extreme  avidity  with  which  it 
absorbs  moisture.  The  results  of  several  analyses  lead  to  the 
conclusion,  that  the  body  which  is  first  formed  has  the  compo- 
sition: (CjHjJjNHjAsOj,  and  that  it  absorbs  water  to  form  a 
di-ethyl  arseniate  of  anmionium,  (CaHJjNH^AsO^,  but  the 
study  of  this  product  is  not  yet  completed. 

Arseniate  of  Methyl. 

The  arseniate  of  methjl  can  be  prepared  from  the  iodid  of 
methyl  and  arseniate  of  silver  in  the  same  way  that  the  arseniate 
of  ethyl  is  prepared.  The  crude  product  is  purified  by  distilla- 
tion under  a  pressure  of  sixty  millimetera  At  this  pressure  it 
distils  without  decomposition  at  128^-130°. 

L  Svhsixince=0'i500  grms, ;  COa=0-8285  grms. ;  HjO=01980 

grms, 
n.  Svbstance^O'QOlO  grms.  ;  AsaOB=0-4966  grms. 

The  determination  of  arsenic  was  made  bj  decomposing  the 
ether  with  water,  evaporating  with  nitric  acid,  and  heating  the 
arsenic  acid  thus  formed  with  oxyd  of  lead. 

I.  XL  Calculated  for  {Cmij^ksOi, 

C  =19-90  ....  19-57 

H  =  4-91  ....  4-89 

As=  4015  40-76 

The  density  of  liquid  of  arseniate  of  methyl  at  14° '5,  com- 
pared with  water  at  4°,  =1-5591. 

When  pure  arseniate  of  methvl  is  distilled  in  the  air,  the 
greater  part  passes  at  213^-215°,  but  there  is  a  partial  decom- 
position with  separation  of  arsenic  acid. 

It  resembles  tne  arseniate  of  ethyl  in  all  its  properties.  It  is 
a  colorless  liquid,  miscible  in  all  proportions  with  water,  and  it 
is  decomposed  immediately  into  arsenic  acid  and  alcohol  by 
the  action  of  water  or  moisture  for  the  air.  * 

Arseniate  of  Amyl. 

This  bodv  is  produced  by  action  of  iodid  of  amyl  on  the 
arseniate  of  silver,  but  it  cannot  be  obtained  in  a  state  of 
purity,  because  it  decomposes,  even  when  distilled  in  vacuo. 

The  crude  product  of  the  reaction,  after  having  been  heated 
to  170°,  was  mixed  with  pure  ether,  when  a  considerable 
quantity  of  arsenious  acid  was  precipitated ;  after  filtering,  the 
solution  was  heated  in  an^oil-bath,  and  finally  a  current  of  dry 
air  was  passed  through  it,  while  the  bath  was  kept  at  200  . 
An  analysis  of  the  product  so  obtained  gave  0=89*81  per  cent 
and  H=7-64  per  cent,  instead  of  0=51-14  per  cent  and 
H=9-87  per  cent 
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A  somewhat  better  result  was  obtained  by  distilling  the 
cmde  product  in  vacuo.  The  greater  part  is  decomposed  at 
about  200**,  but  a  small  quantity  of  etner  distils  unchanged. 
Some  of  this  distillate  was  heated  to  195**  in  current  of  dry 
air,  in  order  to  free  it  as  far  as  possible  from  products  of  decom- 
position. The  analysis  of  this  product  gave  0=44*82  per  cent 
and  H=8'41  per  cent  instead  of  0=6114  per  cent  and  H=9*87 
percent 

The  products  analyzed  appear  to  have  been  arseniate  of 
amyl  miked  with  arseiic  acid. 

Arsenite  of  Ethyl. 

The  ethers  of  arsenious  acid  can  be  prepared  more  readily 
than  these  of  arsenic  acid,  and  several  reactions  may  be  em- 
ployed to  obtain  them. 

Arsenite  of  ethyl  is  produced  in  the  following  reactions : 

By  the  action  of  arsenious  acid  on  the  silicate  of  ethyL  By 
the  action  of  iodid.of  ethyl  on  the  arsenite  of  silver.  By  the 
action  of  the  chlorid  or  bromid  of  arsenic  on  the  alcoholate  of 
sodium.  The  iodid  of  arsenic  and  the  alcoholate  of  sodium 
give  no  arsenite  of  ethvl. 

When  arsenious  acia  is  heated  with  alcohol  to  about  200°  in 
a  sealed  tube,  a  considerable  quantity  of  the  acid  dissolves,  and 
crystallizes  out  on  cooling  as  beautiftdly  formed  octahedrons. 
A  small  quantity  of  arsenic  is  reduced  and  a  corresponding 
quantity  of  aldehyd  is  formed.     No  arsenious  ether  is  formed. 

Arsenious  acid  was  heated  with  a  mixtiire  of  common  ether 
and  acetate  of  ethyl  for  20  hours  at  200°,  but  no  reaction  took 
place. 

It  seemed  highly  probable  that  arsenite  of  ethyl  might  be 
obtain^  by  heating  together,  common  ether  ana  chlorid  of 
arsenic  according  to  the  reaction 

As01,+ 8(CaH5)30 = {Q^^A^O^  4-  %C^Gl, 

but  this  proved  not  to  be  the  case,  for  after  the  two  substances 
had  been  heated  together  20  hours  at  200°,  it  was  found  that 
no  chlorid  of  ethyl  and  no  arsenite  of  ethyl  had  been  formed. 

It  has  been  already  noticed  that  by  a  process  of  reduction 
arsenite  of  ethyl  is  produced,  when  arsenic  acid  is  heated  with 
silicic  ether.  When  arsenious  acid  is  heated  to  about  200°  in 
a  sealed  tube  with  silicic  ether,  the  onlv  reaction  which  takes 
place  is  the  replacement  of  the  silicic  acid  by  the  arsenious 
acid,  a  gelatinous  deposit  of  a  silicic  ether,  containing  a  very 
large  quantity  of  silicic  acid,  is  formed  in  the  tube ;  no  alcohol, 
ether  or  gaseous  body  is  produced,  and  the  arsenious  ether  can 
easily  be  obtained  pure  by  distillation. 

loaid  of  ethyl  acts  less  readily  upon  the  arsenite  of  silver 
than  upon  the  arseniate  of  silver,  and  the  amount  of  product 
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obtained  approaches  less  nearly  to  the  theoretical  quantity; 
there  is,  however,  no  difficnltj  in  obtaining  pure  araenious 
ether  by  heating  together  iodid  of  ethyl  and  dry  arsenite  of 
silver  mixed  with  pure  ether  in  a  sealed  tube  to  150°.  The 
arsenious  ether  can  be  separated  by  washing  the  silver  sah 
with  common  ether  and  nnally  by  distilling  the  solution  in 
ether. 

The  action  of  alcoholate  of  sodium  upon  the  chlorid,  or, 
better  still,  upon  the  bromid  of  arsenic,  furnishes  the  best 
method  for  obtaining  the  arsenite  of  ethyL 

It  is  well  known  that  the  chlorid  of  arsenic  combines  with 
alcohol  with  evolution  of  heat  to  form  a  definite  compound,* 
which  distils  without  decomposition. 

When  the  bromid  of  arsenic  is  mixed  with  an  equal  volume 
of  alcohol,  the  heat  evolved  is  very  slight  (an  elevation  of  tem- 
perature of  8°  was  noticed),  and  no  definite  combination  appears 
to  be  formed.  If  alcoholate  of  sodium  is  added  to  a  mixture 
of  either  the  chlorid  or  bromid  of  arsenic  with  alcohol,  a  pre- 
cipitation of  chlorid  or  bromid  of  sodium  takes  place  imme- 
diately, and  arsenite  of  ethyl  is  formed,  but  if  the  addition  of 
the  alcoholate  is  continued  until  all  the  chlorine  or  bromine  is 
combined  with  sodium,  the  arsenite  of  ethyl  is  destroyed  at 
the  s:une  timaf  If  the  operation  is  terminated  before  all  the 
chlorid  or  bromid  of  arsenic  has  been  acted  upon,  a  mixture  of 
the  undecomposed  chlorid  or  bromid  with  arsenite  of  ethyl  is 
obtained. 

It  was  thought  at  first  that  the  difference  between  the  boiling 
point  of  the  bromid  of  arsenic  (222°J  and  that  of  the  arsenite 
of  ethyl  (166°)  would  suffice  for  tnoir  separation,  but  this 
proved  not  to  be  the  case,  for  a  mixture  of  the  two  bodies  in 
any  proportion  distils  like  a  definite  compound,  and  no  separa- 
tion by  fractional  distillation  is  possible.  This  kind  of  combi- 
nation between  the  chlorid  or  bromid  of  arsenic  and  the  ethers 
of  arsenious  acid  will  be  noticed  below. 

The  arsenite  of  ethyl,  which  is  produced  in  the  reaction 
above  described,  can  only  be  isolated  by  taking  advantage  of 
its  singular  property  of  resisting  entirely  the  action  of  dry 
ammonia  gas,  wmle  the  chlorid  or  bromid  of  arsenic  combines 
with  ammonia  to  form  a  crystalline  solid  insoluble  in  alcohol 
and  ether.  The  method  which  was  usually  employed  to  pre- 
pare the  arsenite  of  ethyl  consists  in  dissolving  5  parts  of 
bromid  of  arsenic  in  absolute  alcohol  and  in  adding  to  tne  solu- 
tion the  liquid  obtained  by  adding  1  part  of  sodium  to  a  con- 
siderable quantity  of  alcohol.  The  reaction  is  not  violent,  and 
it  is  not  necessary  to  cool  the  vessel  in  which  it  takes  place. 

*  De  Lajnes,  Ann.  Ohem.  und  Phaim.,  czri,  p.  368. 
f  See  paper  in  Ck)mpte8  Rendus,  April,  1867. 
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The  arsenite  of  ethyl  and  undecomposed  bromid  of  arsenic  are 
\  separated  from  the  bromid  of  sodium  precipitate  hj  washing 
with  alcohoL  The  alcoholic  solution  is  then  distilled  in  a 
water-bath,  pure  ether  is  added  to  the  residue,  and  dry  am- 
monia gas  18  passed  through  the  solution  in  ether  in  order 
to  precipitate  the  bromid  of  arsenic,  which  is  mixed  with  the 
arsenite  of  ethyl  The  latter  is  separated  from  precipitate  by 
washing  with  ether,  the  ether  is  distilled  in  a  water-oath,  and 
finally  a  current  of  dry  air  or  carbonic  acid  is  passed  through. 
The  residue  consists  of  arsenite  of  ethyl  containing  some 
aisenious  acid  and  bromid  of  sodium  in  solution.  It  can  be 
purified  completely  by  two  or  three  distillationa  Pure  arsenite 
of  ethyl  boils  at  166-166°  (no  correction). 

Analyses  were  made  of  products  obtained  by  the  three 
methods  of  preparation  described  above. 

L  iywfoto«ce=0-2320  577^5. ;  (7Oj=0-2925  grms.  ;  i7jO=0-1590 

gnns, 
n.  iSiifotowcc=04960  flTTTw. ;  6^0=0-6245  5^77^;  77^0= 0*81 60 

grmSn 
HL  Suhstance=^0'2bl0  grms. ;  arseniate  of  magnesium  and  am- 

771071^^1=0*2811  grms. 

The  determination  of  arsenic  was  made  by  weighing  the  sub- 
stance in  a  bulb,  breaking  the  bulb  under  a  solution  of 
caustic  potashj  oxydizing  tne  arsenious  acid  by  chlorate  of 
potash  and  chlorhydric  acid  at  a  temperature  of  50°,  and  pre- 
cipitating by  sulpliate  of  magnesium  and  chlorid  of  ammonium 
in  the  ordinary  way. 

L  n.  m.   Calculated  for  (C2H5)8A8  Ob. 

0=84-88  •    84-88  -.-.  8429 

H=  7-61  7-08  -..  7-14 

A8=   ....  ....  36.34  85-71 

The  density  of  liquid  arsenite  of  ethyl  compared  with  that  of 
water  at  4''= 1-224 

Several  vapor  density  determinations  were  made  at  different 
temperatures  by  Dumas'  method. 

Difference  between  the  weights  of  Om  6i*/&=0-9610  grms. 
Temperature  of  the  balance,  =     4-°2 

Temperature  of  the  oil-bath  {air  thermometer)  =267 '^O 
Capacity  of  the  buB),  =269*5  c  c. 

Air  remaining  J  =     0-5  c  c 

Vapor  density=7-889  Theory=7-2678 

I        The  vapor  density  at      209  •°5 = 7  -615 
"  "  218°   =7-608 

"  288°   =7-197 
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The  last  determination  is  probably  too  small  through  s 
fault  of  manipulation.  It  is  to  be  expected  that  the  num 
should  be  a  little  too  high,  since  the  arsenite  of  ethyl  is  dec 
posed  by  the  slightest  trace  of  moisture,  leaving  a  deposi 
arsenious  acid  in  the  bulb.  The  arsenite  of  ethyl  is  a  coloi 
liquid  with  a  peculiar,  but  not  disagreeable,  odor,  and  suflScie: 
volatile  to  make  its  presence  plainly  perceptible  in  a  ro 
where  it  is  standing  in  an  open  test-tube. 

The  ethers  of  arsenic  do  not  appear  to  have  the  extraor 
arily  poisonous  properties,  which  are  attributed  to  arseniure 
hydrogen,  at  least  1  have  suffered  no  inconvenience  after  hai 
worked  with  them  for  several  years. 

Arsenite  of  ethyl  is  miscible  in  any  proportion  with  alc< 
and  ether,  but  it  is  decomposed  by  a(jueous  alcohoL     The  < 
products  of  decomposition  are  arsemous  acid  and  alcohol, 
no  compound  ether  with  the  formula,  (C,H5)4As205,  is  fori 
This  ether  is  also  not  produced  according  to  the  reaction : 

4(Can5)3  As08+A8,08=3(C2H5)4AS805 

when  arsenite  of  ethyl  is  heated  to  300°  with  arsenious  a 
Arsenite  of  ethyl  at  its  boiling  point  dissolves  about  \ 
weight  of  arsenious  acid,  but  a  considerable  quantity  separ 
out,  when  the  solution  is  allowed  to  become  cool.  Arsenit 
ethyl  can  be  distilled  unchanged  over  dry  arsenious  acid. 

The  reaction  between  the  arsenite  of  ethyl  and  bromhy 
acid  is  the  reverse  of  that  which  is  usual  between  bromhy 
acid  and  the  ethers  of  acids.  Usually  the  bromid  of 
alcoholic  radical  is  formed,  and  the  acid  is  set  frea  In 
case  the  reaction  leads  to  the  formation  of  alcohol  and  bro 
of  arsenic,  and  it  may  be  expressed  by  the  equation : 

(CaH5)8As08+3HBr=3CaH60-fAs  Br> 

AH  that  is  required  to  study  this  reaction  is  to  pass  dry  bi 
hydric  acid  through  arsenite  of  ethyl,  when  the  alcohol  cai 
separated  by  distillation,  leaving  a  crystalline  residue  of  bro 
of  arsenic. 

It  was  thought  possible  that  bromine  might  combine  dire 
with  the  arsenite  of  ethyl  to  form  the  compound:  (Cj 
AsOaBrj,  but  it  was  found  that  the  bromine  substitutes  i 
for  hydrogen  in  the  ethyl,  and  that  the  substituted  ether  ' 
formed  is  decomposed  by  the  bromhydric  acid  which  is  evd 
in  its  formation. 

Iodine  does  not  act  upon  the  arsenite  of  ethyl,  and  the 
bodies  can  be  separated  by  distillation.     Dry  ammonia  gf 
entirely  without  action  upon  the  arsenite  of  ethyl  as  we] 
upon  the  other  ethers  of  arsenious  acid,  and  they  can  evei 
distilled  in  an  atmosphere  of  ammonia  without  alteratiou. 
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Absbnite  op  Methyl. 

The  arsenite  of  methyl  was  prepared  by  heating  dry  arsenious 
acid  Trith  the  silicate  of  methyl  for  12  hours  at  160  ,  and  very 
nearly  the  theoretical  quantity  was  obtained. 

It  was  also  obtained  by  the  action  of  iodid  of  methyl  on 
arsenite  of  silver  in  a  sealed  tube.  The  reaction  does  not  take 
place  at  a  temperature  lower  than  150°,  and  at  that  tempera- 
ture a  considerable  part  of  the  arscnious  ether  is  destroyed,  so 
that  the  first  method  of  preparation  is  to  be  preferred. 

The  arsenite  of  methyl  boils  at  128°-129°  (no  correction). 

L  i54iistonce=04990  grms. ;    Cba=0'8966  grms.;  i7a 0=^0-2442 

grms. 
n.  Subsixmce-O-yi^Jb  grms ;  As^O^^^Q-^b^b  grms. 

The  arsenic  determination  was  made  by  decomposing  the 
^er  with  water,  oxydizing  with  nitric  acid,  evaporating,  and 
combining  the  arsenic  acid  with  oxyd  of  lead. 

I.  IL  Calculated  for  (CH8)aA808. 

0=21-67  ....  21-44 

H=  5-44  ,..-  5-36 

A8= 44-21  44-64 

The  density  of  liquid  of  arsenite  of  methyl  at  9° '6  compared 
with  that  of  water  at  4° =1-428.  The  vapor  density  waa  deter- 
mined from  the  following  data  : 

D^erence  between  weights  of  6m&= 0-5265  grTns. 
Temperature  of  the  balance^  =16^-4 

Temperature  of  the  oil-bath  {air'ther7nometer)=197° 
Capacity  of  the  bulb,  =161-5  c.  c. 

Air  remaininOj  =     1*0  c.  c 

Vapor  density=6-006  Theory=5-818 

The  determination  probably  came  out  too  high  on  account 
of  the  decomposition  of  a  small  quantity  of  ether  by  the 
moiBture  of  the  air. 

The  arsenite  of  methyl  resembles  the  arsenite  of  ethyl  in  its 
poperties.     It  is  decomposed  immediately  by  water  and  also 
;   vfj  the  moisture  of  the  aar  with  formation  of  arsenious  acid  and 
i  methylic  alcohol 

f     In  endeavoring  to  obtain  the  chlorhydrines  of  these  ethers  a 

[  singQlar  class  of  compounds  in  indefinite  proportions,  but  with 

j  constant  boiling  points,  was  discovered.     The  composition  of 

[  fte  chlorhydrines  of  the  arsenite  of  methyl  would  be  repre- 

''  anted  by  the  formulas :  (CH8)2ClAs08 ;   CHsClaAsO ;  and  in 

order  to  obtain  them,  arsenious  acid  was  heated  with  the  chlor- 

iydrines  of  the  silicate  of  methyl.*    In  this  way  bodies  can 

he  easily  obtained,  having  the  required  composition  and  con- 

•  This  Journal,  n,  xliii,  p.  155  and  331. 
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stant  boiling  points,  but  bodies  with  their  constituents  in  every 
intermediate  proportion  between  these,  whose  formulas  are 
given  above,  can  also  be  obtained,  and  they  have  equally  con- 
stant boiling  points.  In  fact,  bj  combining  the  chlorid  of 
arsenic  and  an  arsenious  ether  in  mdefinite  proportions,  a  body 
with  a  constant  boiling  point  can  be  obtained;  and  what 
renders  this  fact  most  remarkable,  is  that  the  boiling  point  is 
not  a  mean  between  those  of  the  two  bodies  mixed,  but  it  is 
higher  than  either  of  them.  The  boiling  point  of  arsenite  of 
methyl  is  129°  (no  correction).  The  boiling  point  of  chlorid 
of  arsenic  is  183°  (no  correction).  A  prodnct  containing  42 
per  cent  of  chlorid  of  arsenic,  and  58  per  cent  of  arsenite  of 
ethyl  distilled  unchanged  at  148°--144  .  A  product  contain- 
ing 11  "5  per  cent  of  cnlorid  of  arsenic  and  88 '5  per  cent  of 
arsenite  of  ethyl  distilled  at  181°--132°.  I  am  not  aware  that 
an  analogous  case  of  combination  in  indefinite  proportions  has 
ever  been  observed. 

The  boiling  point  of  the  arsenite  of  ethyl  is  166°  (no  correc- 
tion). Two  parts  of  arsenite  of  ethyl  andf  one  part  of  chlorid 
of  arsenic  mix  with  slight  disengagement  of  heat,  and  the  pro- 
duct distils  constantly  at  159°-164   (no  correction). 

A  mixture  of  equal  parts  of  chlorid  of  arsenic  and  of  arsenite 
of  ethyl  distils  at  150°-152°. 

A  Dody  was  also  obtained  by  the  action  of  alcoholate  of 
sodium  upon  the  bromid  of  arsenic  in  excess,  which  contained 
65 '75  per  cent  of  bromid  of  arsenic  and  34*25  per  cent  of 
arsenite  of  ethyl,  and  which  distilled  constantly  at  182°-185®  ^ 
(no  correction).     The  chlorid  or  bromid  of  arsenic  in  all  these  ' 
bodies  combines  dii'ectly  with  dry  ammonia  gas,  leaving  the  . 
arsenious  ether  free. 

Arsenite  of  Amyl. 

The  arsenite  of  amyl  was  prepared  by  the  action  of  the 
amylate  of  sodium  upon  the  oromid  of  arsenic  in  the  same 
way  as  was  described  for  the  preparation  of  tiie  arsenite  of 
ethyL 

The  product,  however,  cannot  be  purified  by  distillation  in 
the  air,  since  it  decomposes  in  part  at  its  boiling  point  It  caB* 
however,  be  purified  by  distulation  under  a  pressure  of  W 
millimeters.  The  following  analysis  was  made  of  a  product 
boiling  at  193°-194°  (no  correction)  under  a  pressure  of  60 
millimeters. 
Substance=0'4O90  grms. ;    CO,=0-7950   grms. ;  J3iO=0-8578 

arms. 

Calculated  for  (C('Hu)sAb08. 

C=58-01  53-57 

H=  9-72  9-82 
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The  density  of  liquid  arsenite  of  amyl  at  0°  compared  with 
that  of  water  at  4  =1  •0525.  Arsenite  of  amyl,  which  has 
been  purified  by  distillation  under  a  diminished  pressure, 
distUfl  in  the  air  at  288*^-290°,  but  toward  the  last  part  of  the 
distillation  arsenious  acid  separates  out 

Arsenite  of  amyl  is  not  more  stable  than  the  other  ethers  of 
arsenious  acid.  l!t  is  immediately  decomposed  by  water  and 
also  by  the  moisture  of  the  air. 

Arsenite  of  amyl  has  analogous  properties  with  the  arsenites 
of  ethyl  and  methyl. 

The  relations  between  the  boiling  points  of  the  bodies  de- 
scribed in  this  paper  present  some  curious  anomalies,  and  do 
not  &11  within  !Kopp's  law  derived  from  the  study  of  the  more 
simple  ethers. 

Boiling  points  under  a  pressure  of  60  millemeters : 

(CH8)8As04  =129*^ 

Diflference  =   20° 

Boiling  points  under  the  atmospheric  pressure : 

(CaH5)8As03=166° 
(CH8)8As08=129^ 

Difference  =  37° 

In  the  first  case  the  diflference  of  boiling  point  for  each  incre- 
ment of  CHj  is  ft!'*. 

In  the  second  (jase  the  difference  is  12^°. 

I -have  alreadj  stated  in  a  communication  to  the  French 
Academy  of  Sciences,  (April  2,  1867\  that  tungstic  and  anti- 
monius  acids  rive  no  ethers  when  tney  are  heated  with  the 
silicate  of  ethjL 


Abt.   TTT. — On  the  probable  seat  of  Volcanic  Action;   by   T. 

Sterry  Hunt,  LL.D.,  RRS.* 

The  igneous  theory  of  the  earth's  crust,  which  supposes  it  to 
liave  been  at  one  time  a  fused  mass,  and  to  still  retam  in  its  in- 
terior a  great  d^ree  of  heat,  is  now  generally  admitted.  In 
(tfder  to  explain  ttie  origin  of  eruptive  rocks,  the  phenomena  of 
Tolcanos,  and  the  movements  of  the  earth's  crust,  all  of  which 
are  conceived  by  geologists  to  depend  upon  the  internal  heat  of 
the  earth,  three  principal  hypotneses  have  been  put  forward. 
Of  these  the  first  supposes  that  in  the  cooling  of  the  globe  a  solid 

*  From  the  Gteolog^cal  Magazine  for  June,  1869. 


22  T,  S,  Hunt  on  Volcanic  Action. 

crust  of  no  great  thickness  was  formed,  which  rests  upon  the 
still  uncongealed  nucleus.  The  second  hypothesis,  maintained 
by  Hopkins  and  by  Poulett  Scrope,  supposes  solidification  to 
have  commenced  at  the  center  of  the  liquid  globe,  and  to  have 
advanced  toward  the  circumference.  Before  the  last  portions 
became  solidified,  there  was  produced,  it  is  conceived!,  a  con- 
dition of  imperfect  liquidity,  preventing  the  sinking  of  the  cooled 
and  heavier  particles,  and  giving  rise  to  a  superficial  crust,  fixm 
which  solidification  would  proceed  downward.  There  would 
thus  be  enclosed,  between  the  inner  and  outer  solid  parte,  a  por^ 
tion  of  uncongealed  matter,  which,  according  to  Hopkins,  may 
be  supposed  still  to  retain  its  liquid  condition,  ana  to  be  the 
seat  of  volcanic  action,  whether  existing  in  isolated  reservoirs  or 
subterranean  lakes  ;  or  whether,  as  suggested  by  Scrope,  form- 
ing a  continuous  sheet  surrounding  the  solid  nucleus,  whose 
existence  is  thus  conciliated  vnth  the  evident  facts  of  a  flexible 
crust,  and  of  liquid  ignited  matters  beneath. 

Hopkins,  in  tlie  discussion  of  this  question,  insisted  upon  the 
fact  established  by  his  experiments,  that  pressure  favors  the 
solidification  of  matters  which,  like  rocks,  pass  in  melting  to  a 
less  dense  condition,  and  hence  concludes  that  the  pressure  ex- 
isting at  great  depths  must  have  induced  solidification  of  the 
molten  mass  at  a  temperature  at  which,  under  a  less  pressure,  it 
would  have  remained  liquid.  Mr.  Scrope  has  followed  this  up 
by  the  ingenious  suggestion  that  the  great  pressure  upon  parts 
01  the  solid  igneous  mass  may  become  relaxed  fix)m  the  effect  of 
local  movements  of-  the  earth's  crust,  causing  portions  of  the 
solidified  matter  to  pass  immediately  into  the  -liquid  state,  thus 
giving  rise  to  eruptive  rocks  in  regions  where  all  before  was 
solid.* 

Similar  views  have  been  put  forward  in  a  note  by  Rev.  0. 
Fisher,  and  in  an  essay  on  the  formation  of  mountain  chains,  by 
Mr.  N.  S.  Shaler,  in  the  proceedings  of  the  Boston  Society  of 
Natural  History,  both  of  which  appear  in  the  Geological  Maga- 
zine for  November  last  As  summed  up  by  Mr.  Shaler,  the 
second  hypothesis  supposes  that  the  earth  "  consists  of  an  im- 
mense solid  nucleus,  a  nardened  outer  crust,  and  an  intermediate 
region  of  comparatively  slight  depth,  in  an  imperfect  state  of 
igneous  fusion.  *  In  this  connection  it  is  curious  to  remark  that, 
as  pointed  out  by  Mr.  J.  Clifton  Ward,  in  the  same  Magazine 
for  December  (page  581),  Halley  was  led,  from  the  study  of  ter- 
restrial magnetism,  to  a  similar  hy])othesia  He  supposed  the 
existence  of  two  magnetic  poles  situated  in  the  earth's  outer 
crust,  and  two  otliers  in  an  interior  mass,  separated  fixrai  the 
solid  envelope  by  a  fluid  medium,  and  revolving,  by  a  very 

*See  Scrope  on  Yolcanoa,  and  his  communication  to  the  Geological 
for  Dec,  1868. 
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small  degree,  slower  than  the  outer  crust*  The  same  con- 
clusion was  subsequently  adopted  by  Hansteen. 

The  formation  of  a  solid  layer  at  the  surface  of  the  viscid  and 
nearly  congealed  mass  of  the  cooling  globe,  as  supposed  by  the 
advocates  of  the  second  hypothesis,  is  readily  admissible.  That 
this  process  should  commence  when  the  remaining  envelope  of 
liquid  was  yet  so  deep  that  the  refrigeration  from  that  time  to 
the  present  has  not  been  sufficient  for  its  entire  solidification,  is, 
however,  not  so  probable.  Such  a  crust  on  the  cooling  super- 
ficial layer  would,  from  the  contraction  consequent  on  the  further 
lefiigeration  of  the  liquid  stratum  beneath,  become  more  or  less 
depressed  and  corrugated,  so  that  there  would  probably  result, 
as  I  have  elsewhere  said,  "  an  irregular  diversified  surface  from 
the  contraction  of  the  congealing  mass,  which  at  last  formed  a 
liquid  bath  of  no  great  depth,  surrounding  the  solid  nucleus." 
Geological  phenomena  do  not,  however,  in  my  opinion,  afibrd 
any  evidence  of  the  existence  of  yet  unsolidified  portions  of  the 
originally  liquid  material,  but  are  more  simply  explained  by  the 
third  hypothesis.  This,  like  the  last,  supposes  the  existence  of 
a  solid  nucleus,  and  of  an  outer  crust,  with  an  interposed  layer 
of  partially  fluid  matter,  which  is  not,  however,  a  still  unsolidi- 
fiea  portion  of  the  once  li(iuid  globe,  but  consists  of  the  outer 
part  of  the  congealed  primitive  mass,  disintegrated  and  modified 
oy  chemical  and  mechanical  agencies,  impregnated  with  water, 
and  in  a  state  of  igneo-aqueous  fusion. 

The  histoiy  of  this  view  forms  an  interesting  chapter  in 
geology.  As  remarked  by  Humboldt,  a  notion  that  volcanic 
phenomena  have  their  seat  in  the  se<limentary  formations,  and 
are  dependent  on  the  combustion  of  organic  substances,  belongs 
to  the  infancy  of  geology.  To  this  period  belong  the  theories 
of  L6mery  and  Breislafe  (Cosmos,  v,  448;  Otte's  translation). 
Keferstein  in  his  Naturgeschichte  des  Erdicorpers,  published  in 
18S4,  maintained  that  all  crystalline  non-stratified  rocks,  from 
granite  to  lava,  are  products  of  the  transformation  of  sedimentary 
strata,  in  part  very  recent,  and  that  there  is  no  well-defined  line 
to  l)e  drawn  between  Neptunian  and  volcanic  rocks,  since  they 

Cinto  each  other.  Volcanic  phenomena,  according  to  him, 
5  their  origin  not  in  an  igneous  fluid  center,  nor  in  an 
oxydizing  metallic  nucleus  (Davy,  Daubcny),  but  in  known 
sedimentary  formations,  where  they  are  the  result  of  a  peculiar 
kind  of  fermentation,  which  crystallizes  and  arranges  in  new 

♦T^.c  elevated  temperature  of  the  interior  of  the  globe  would  probably  offer  no 
obivtacle  to  the  development  of  magnetism.  In  a  recent  experiment  of  M.  Trdve, 
ocnnmunicated  by  M.  Faye  to  the  French  Academy  of  Sciences,  it  was  found  that 
noiteu  <H«it  iron,  when  poured  into  a  mould,  surrounded  by  a  helix  which  wai 
trsTersed  by  an  electric  current,  became  a  stron^r  inagpiet  when  liquid  at  n  tempe- 
ature  of  1300^  C,  and  retained  its  magnetism  while  cooling  (Comptes  Kendus  de 
*Acad.  dea  Scteooes,  Feb.,  1869. 
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forms  the  elements  of  the  secUmentary  strata,  with  an  evolution 
of  heat  as  a  rasult  of  the  chemical  process  (  Nizturgeschichte^  voL 
i,  p.  109;  also  Bull.  Soc.  Geol  de  France  [1],  voL  vii,  p.  197). 
In  commenting  upon  these  views  {Am,  Jour.  Science^  July, 
1860),  I  have  remarked  that,  by  ignoring  the  incandescent 
nucleus  as  a  source  of  heat,  Keferstein  has  excluded  the  trae 
exciting  cause  of  the  chemical  changes  which  take  place  in  the 
buried  sediments.  The  notion  of  a  subterranean  combustion  or 
fermentation,  as  a  source  of  heat,  is  to  be  rejected  as  irrational 
A  view  identical  with  that  of  Keferstein,  as  to  the  seat  of 
volcanic  phenomena,  was  soon  after  put  forth  by  Sir  John 
Herscliel,  in  a  letter  to  Sir  Charles  Lyell,  in  1836  {Proc  GtoL 
Soc  London^  ii,  548).  Starting  fix)m  the  suggestion  of  Scrope 
and  Babbage,  tliat  the  isothermal  horizons  in  the  earth^s  crust 
must  rise  as  a  consequence  of  the  accumulation  of  sediments,  he 
insisted  that  deeply  buried  strata  will  thus  become  crystallized 
by  heat,  and  may  eventually,  with  their  included  water,  be  raised 
to  the  melting  point,  by  which  process  gases  would  be  generated, 
and  earthquakes  and  volcanic  eruptions  follow.  At  the  same 
time  the  mechanical  disturbance  of  the  equilibrium  of  pressure, 
consequent  upon  a  transfer  of  sediments,  while  the  yielding  sur- 
face reposes  on  matters  partly  liquified,  will  explain  the 
movements  of  elevation  and  subsidence  of  the  earth's  crust 
Herscliel  was  probably  ignonint  of  the  extent  to  which  his  views 
had  been  anticipated  by  Keferstein;  and  the  suggestions  of  the 
one  and  the  other  seemed  to  have  passed  unnoticed  by  geologists 
until,  in  March  1858,  I  reproduced  them  in  a  paper  read  bdbie 
the  Canadian  Institute  (Toronto,)  being  at  that  time  acquainted 
with  Herschel's  letter,  but  not  having  met  with  the  writings  <rf 
Keferstein.  I  there  considered  tlie  reactions  which  would  take 
place  under  the  influence  of  a  high  temperature  in  sediments 
permeated  with  water,  and  containing,  besides  siliceous  and 
aluminous  matters,  carbonates,  chlorids,  and  carbonaceous  sub- 
stances. From  these,  it  was  shown,  might  be  produced  all  the 
gaseous  emanations  of  volcanic  districts,  while  fix>m  aqueo- 
igneous  fusion  of  the  various  admixtures  might  result  the  great 
variety  of  eruptive  rocks.  To  quote  the  words  of  my  paper 
just  referred  to :  "  We  conceive  that  the  earth's  solid  crust  of 
anhydrous  and  primitive  igneous  rock  is  everywhere  deeply 
concealed  beneath  its  own  ruins,  which  form  a  great  mass  d 
sedimentary  strata,  permeated  by  water.  As  heat  from  beneath 
invades  these  sediments,  it  produces  in  them  that  change  which 
constitutes  normal  mctamorj^hism.  These  rocks,  at  a  sufficient 
depth,  are  necessarily  in  a  state  of  igneo-aqueous  Aision ;  and 
in  the  event  of  fracture  in  the  overlying  strata,  may  rise  among 
them,  taking  the  form  of  eruptive  rocks.  When  the  nature 
of  the  sediments  is  such  as  generate  great  amounts  of  elastic 


T,  S.  Hunt  on  Volcanic  Action.  25 

fluids  by  their  fiision,  earthquakes  and  volcanic  eruptions  may 
result,  and  these — other  things  being  equal — ^will  be  most  likely 
to  occur  under  the  more  recent  formations."  {Canadian  Journal, 
May,  1858,  voL  iii,  p.  207). 

The  same  views  are  insisted  upon  in  a  paper  "  On  some  Points 
in  Chemical  Geology"  (Quart  Jour.  Geol.  Soc.  London,  Nov. 
1859,  voL  XV,  page  59^,  and  have  since  been  repeatedly  put 
forward  by  me,  with  farther  explanations  as  to  what  I  have 
designatea  above,  the  ruins  of  the  crust  of  anhydroiut  and  primi- 
tive igneous  rock  This,  it  is  conceived,  must,  by  contraction  in 
cooling,  have  become  porous  and  permeable,  for  a  considerable 
depth,  to  the  waters  afterwards  precipitated  upon  its  surface.  In 
this  way  it  was  prepared  alike  tor  mechanical  disintegration,  and 
for  the  chemical  action  of  the  acids,  which,  as  shown  in  the  two 
papera  just  referred  to,  must  have  been  present  in  the  air  and 
the  waters  of  the  tima  It  is,  moreover,  not  improbable  that  a 
yet  unsolidified  sheet  of  molten  matter  may  then  have  existed 
Deneath  the  earth's  crust,  and  may  have  intervened  in  the  vol- 
canic phenomena  of  that  early  period,  contributing,  by  its  ex- 
travasation, to  swell  the  vast  amount  of  mineral  matter  then 
brought  within  aqueous  and  atmospheric  influences.  The  earth, 
air,  and  water  thus  made  to  react  upon  each  other,  constitute 
the  first  matter  from  which,  by  mechanical  and  chemical  trans- 
formations, the  whole  mineral  world  known  to  us  has  been  pro- 
duced 

It  is  the  lower  portions  of  this  great  disint^rated  and  water- 
impr^nated  mass  which  form,  according  to  the  present  hypo- 
thesis, the  semi-liquid  layer  supposed  to  intervene  between  the 
outer  solid  crust  and  the  inner  solid  and  anhydrous  nucleua 
In  order  to  obtain  a  correct  notion  of  the  condition  of  tliis  ma.ss, 
both  in  earlier  and  later  times,  two  points  must  be  esi>ecially 
considered,  the  relation  of  temperature  to  depth,  and  tliat  of 
solubility  to  pressure^  It  being  conceded  tliat  the  increase  of 
temperature  in  descending  in  the  earth's  crust  is  due  to  the 
transmission  and  escape  of  heat  from  the  interior,  Mr.  Hopkins 
showed  mathematically  that  there  exists  a  constant  proportion 
between  the  effect  of  internal  heat  at  the  surface  and  the  rate  at 
which  the  temperature  increases  in  descending.  Thus,  at  the 
present  time,  while  the  mean  temperature  at  the  earth's  surfarre 
is  augmented  only  about  one-twentieth  of  a  d^ree  Fahrenheit, 
by  the  escape  of  heat  from  below,  the  increase  is  to  Ix;  fr^und 
to  be  equal  to  about  one  degree  for  each  sixty  feet  in 
depth.  lEj  however,  we  go  back  to  a  periofl  in  the  history  of 
our  globe  when  the  heat  passing  upward  through  its  cni«t  was 
sufficient  to  raise  the  superficial  temperature  twenty  tiinc-s  as 
much  as  at  present,  that  is  to  say,  one  degree  of  Fahrenheit,  tlie 
augmentation  of  heat  in  descending  would  be  twenty  times  as 


r 
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freat  as  now,  or  one  degree  for  each  three  feet  in  depth  (GeoL 
onmal,  viii,  59.)  The  conclusion  is  inevitable  that  a  condition 
of  things  must  nave  existed  during  long  periods  in  the  history 
of  the  cooling  globe,  when  the  accumulation  of  comparatively 
thin  lavers  of  sediment  would  have  been  sufficient  to  give  rise 
to  all  the  phenomena  of  metai^iorphism,  vulcanicity,  and  move- 
ments of  the  crust,  whose  origin  Herschel  has  so  well  ex- 
plained. 

Coming,  in  the  next  place,  to  consider  the  influence  of  pres- 
sure upon  the  buried  materials  derived  from  the  mechanical  and 
chemical  disintegration  of  the  primitive  crust,  we  find  that  by 
the  presence  of  heated  water  throughout  them,  they  are  placed 
under  conditions  very  unlike  those  of  the  original  cooling  mass. 
While  pressure  raises  the  fusing  point  of  such  bodies  as  expand 
in  passing  into  the  liquid  state,  it  depresses  that  point  for  those 
which,  like  ice,  contract  in  becoming  liquid.  The  same  princi- 
ple extends  to  that  liquefaction  which  constitutes  solution; 
where,  as  is  with  few  exceptions  the  case,  the  process  is  attended 
with  condensation  or  diminution  of  volume,  pressure  will,  as 
shown  by  the  experiments  of  Sorby,  augment  the  solvent  power 
of  the  liquid.*  Under  the  influence  of  the  elevated  tempera- 
ture and  the  great  pressure  which  prevail  at  considerable  depths, 
sediments  should,  therefore,  by  the  effect  of  the  water  which 
they  contain,  acquire  a  certain  degree  of  liquidity,  rendering  not 
improbable  the  suggestion  of  Scheerer,  that  the  presence  oi  five 
or  ten  per  cent  of  water  may  suffice,  at  temperatures  approach- 
ing redness,  to  give  to  a  granitic  mass  a  liquidity  partaking  at 
once  of  the  character  of  an  igneous  and  an  aqueous  fusion.  The 
studies  by  Mr.  Sorby  of  the  cavities  in  crystals  have  led  him  to 
conclude  that  the  constituents  of  granitic  and  trachytic  rocks 
have  crystallized  in  the  presence  of  liauid  water,  under  great 
pressure,  at  temperatures  not  above  redness,  and  consequently 
very  far  below  tnat  required  for  simple  igneous  fusion.  The 
intervention  of  water  in  giving  liquidity  to  lavas,  has,  in  fact, 
long  been  taught  by  Scrope,  and  notwithstanding  the  opposition 
of  Plutonists,  like  l)urocher,  Foumet,  and  Riviere,  is  now  very 
generally  admitted.  In  this  connection,  the  reader  is  referred 
to  the  Greological  Magazine  for  February,  1868,  page  57,  where 
the  history  of  this  question  is  discussea 

It  may  here  be  remarked  that  if  we  regard  the  liquefaction 
of  heated  rocks  under  great  pressure,  and  in  presence  of  water, 
as  a  process  of  solution  rather  than  of  fusion,  it  would  follow 
that  diminution  of  pressure,  as  supposed  by  Mr.  Scrope,  would 
cause,  not  liquefaction,  but  the  reverse.  TPhe  mechanical  pres- 
sure of  great  accumulations  of  sediment  is  to  be  regarded  as  co- 
operating with  heat  to  augment  the  solvent  action  of  the  water, 

*  Sorby,  Bakerian  Lecture,  Royal  Society,  1863. 
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and  as  being  thus  one  of  the  efficient  causes  of  the  lique&ction 
of  deeply  buried  sedimentary  rocks. 

[The  following  extracts  from  a  note  by  the  author  to  the 
Geological  Magazine  for  February  1870,  may  be  cited  in  further 
elucidation  of  this  point: — "pressure,  which  in  the  first  case, 
that  of  simple  fusion  of  anhydrous  materials,  prevents  liquefac- 
tion by  preventing  expansion,  in  the  second  case  (that  of  igneo- 
aqueous  fusion  or  liquefaction  at  high  temperatures,  by  the  aid 
of  a  small  portion  oi  water,  as  maintained  by  Scrope,  Scheerer 
and  Elie  de  Beaumont)  on  the  contrary,  fevors  liquefaction  by 
promoting  the  solution  of  the  water-impregnated  mass.  As 
Sorby  has  shown,  a  conversion  of  mechanical  into  chemical 
force  appears  in  the  increase  of  solubility  under  pressure.  In 
other  words,  pressure  prevents  fusion  when,  as  in  most  instan- 
oes,  it  is  a  process  of  expansion,  but  favors  solution,  which  is, 
with  few  exceptions,  a  process  of  contraction.  Now  since  I 
place  the  seat  of  volcanic  action  in  a  region  where  solution, 
rather  than  simple  ftision,  is  the  cause  of  liquidity,  I  am  led  to 
consider  pressure  as  one  of  the  efficient  causes  of  the  liquefac- 
tion of  rocks,  and  to  regard  its  diminution  as  leading  to  solidi- 
fication."]* 

That  the  water  intervenes  not  only  in  the  phenomena  of  vol* 
canic  eruptions,  but  in  the  crystallization  of  the  minerals  of 
eruptive  rocks,  which  have  been  formed  at  temperatures  far  be- 
low that  of  igneous  fusion,  is  a  fact  not  easily  reconciled  with 
either  the  first  or  the  second  hvpothesis  of  volcanic  action,  but 
is  in  perfect  accordance  vnth  the  one  here  maintained,  which  is 
also  strongly  supported  by  the  study  of  the  chemical  composi- 
tion of  i^eous  rocks,  ^ese  are  generally  referred  to  two 
great  divisions,  corresponding  to  what  have  been  designated 
Sie  trachytic  and  pyroxenic  types,  and  to  account  for  their 
origin,  a  separation  of  a  liquid  igneous  mass  beneath  the  earth's 
crost  into  two  layers  of  acid  and  basic  silicates,  was  imagined 
by  Philips,  Durocher,  and  Bunsen.  The  last  mentioned,  as  is 
well  known,  has  calculated  the  normal  composition  of  these 
supposed  trachytic  and  pyroxenic  magmas,  and  conceives  that 
from  them,  either  separately,  or  by  admixture,  the  various  erup- 
tive rocks  are  derived ;  so  that  the  amounts  of  alumina,  lime, 
magnesia  and  alkalies,  sustain  a  constant  relation  to  the  silica 
in  tne  rock.  If,  however,  we  examine  the  analyses  of  the  erup- 
tive rocks  in  Hungary  and  Armenia,  made  by  Streng,  and  put 
forward  in  support  of  this  view,  there  will  be  found  such  dis- 
crepancies bet^veen  the  actual  and  the  calculated  results  as  to 
throw  grave  doubts  on  Bunsen's  hypothesis. 

♦  See  in  this  ooniiection,  Mr.  Scrope  on  "  The  Character  of  Lavas,"  in  the  Greolog^ 
ical  Magazine  for  March  1870. 
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Two  things  become  apparent  from  a  study  of  the  chemical 
nature  of  eruptive  rocks ;  first,  that  their  composition  presents 
such  variations  as  are  irreconcilable  with  the  smiple  origin  gen- 
erally assigned  to  them,  and  second,  that  it  is  similar  to  that  of 
sedimentary  rocks,  whose  history  and  origin  it  is,  in  most  cases, 
not  difficult  to  traca  I  have  elsewhere  pointed  out  how  the 
natural  operation  of  mechanical  and  chemical  agencies  tends  to 
produce  among  sediments,  a  separation  into  two  classes,  corres- 
ponding to  the  two  great  divisions  above  noticed.  From  the 
mode  of  their  accumulation,  however,  great  variations  must 
exist  in  the  composition  of  the  sediments,  corresponding  to 
many  of  the  varieties  presented  by  eruptive  rocks.  The  careful 
study  of  stratified  rocks  of  aqueous  ongin  discloses,  in  addition 
to  these,  the  existence  of  deposits  of  basic  silicates  of  peculiar 
types.  Some  of  these  are  in  ^eat  part  magnesian,  others  con- 
sist of  compounds  like  anorthite  and  labradorite,  highly  alum- 
inous basic  silicates,  in  which  lime  and  soda  enter,  to  the  almost 
complete  exclusion  of  magnesia  and  other  bases ;  while  in  the 
masses  of  pinite  or  agalmatolite  rock  we  have  a  similar  alumin- 
ous silicate,  in  which  lime  and  magnesia  are  wanting,  and  pot- 
ash is  the  predominant  alkali  In  such  sediments  as  these  just 
enumerated  we  find  the  representatives  of  eruptive  rocks  like 
peridotite,  phonolite,  leucitophyre,  and  similar  rocks,  which  are 
so  many  exceptions  in  the  basic  group  of  Bunsen.  As,  how- 
ever, they  are  represented  in  the  sediments  of  the  earth's  crust, 
their  appearance  as  exotic  rocks,  consequent  upon  a  softening 
and  extravasation  of  the  more  easily  liquefiable  strata  of  deeply 
buried  formations,  is  readily  and  simply  explained.* 

The  object  of  the  present  communication  has  been  to  call  the 
attention  of  geologists  to  the  neglected  views  of  Keferstein  and 
Hersehel,  which  I  have  endeavored  to  extend  and  to  adapt  to 
the  present  state  of  our  knowledge     It  is  proposed  in  another 

Eaper  to  consider  the  question  of  the  agencies  which  have  regu- 
ited  the  geographical  distribution  of  volcanic  phenomena  both 
in  ancient  and  in  modem  times. 

Montreal,  Canada,  March,  1S69. 

*  See  in  this  connection  the  Canadian  Journal  for  1868,  p.  203;  Quart.  Jour. 
Gteol.  Society  for  1859,  p.  494;  this  Jour.,  11,  zxzvii.  265,  xxxriii,  182;  also 
Geology  of  Canada,  1863,  pp.  643,  669,  and  Bep.  G«ol  Canada,  1866,  p.  230. 
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Abt.  IV. — Notes  on  some  features  of  ike  Flora  of  Eastern  Kansas; 

by  Elihu  Hall. 

[The  following  consists  of  two  articles  (somewhat  curtailed) 
published  in  the  Prairie  Farmer ^  which  give  so  clear  an  exposition 
of  the  general  features  of  the  vegetation  of  the  region  under  conr 
sideration,  that  we  have  sought  and  obtained  permission  to  repro- 
duce them  in  this  Journal.— -Eds.] 

Tree  growth. — ^In  a  trip  in  September  last  in  a  wagon 
through  a  portion  of  Eastern  Kansas,  from  Forts  Scott  and 
Humboldt  north  to  Leavenworth  and  Atchison,  I  had  excellent 
opportunities  for  observation  of  its  general  flora,  and  more  es- 
peciallj  so  that  of  the  autumnal  montha  The  general  character 
of  its  arborescent  flora  is  decidedly  adverse  to  a  favorable  im- 
pression of  the  adaptation  of  the  country  to  tree  growth.  The 
Question  arises  why  all  these  dwarfed,  distorted,  abnormally 
eveloped  specimens  everywhere,  as  compared  with  the  true 
^rpe  of  trees,  such  as  we  are  accustomed  to  in  our  own  noble 
aenissens  of  the  Mississippi  Valley  forests.  True,  on  the  larger 
streams,  the  black  alluvial  deposit  grow  some  very  fine  speci- 
mens of  black  walnut,  cottonwood  and  elms,  but  this  area  is 
quite  limited. 

We  should  naturally  infer  irom  this  character  of  the  native 
arborescent  growth  of  the  country  that  causes  had  been  long 
existing  and  were  yet  in  operation  to  produce  so  general  a  result ; 
but  since  the  settlement  or  since  the  planting  of  trees  haa  been 
commenced  there  by  the  inhabitants,  everywhere  living  eviden- 
ces are  springing  up  directly  opposing  all  such  inferences.  In 
some  parts  of  Jeflferson  county,  artificial  groves  only  ten  years 
old,  are  already  50  feet  high,  and  appearing,  through  the  misty 
haze  of  autumn,  like  natural  groves  on  the  prairies  of  central 
niinoisL  There  &re  evidences,  too,  that  the  native  growth,  that 
is,  the  young  trees,  in  all  the  bushy  regions,  are  making  good 
speed  m  becoming  saplings  of  proper  proportions;  this  is  par- 
ticularly so  of  the  hickory,  {Carya  alba  ana  C.  pormuju) 

These  many  £Eicts  satisfy  us  that  the  causes  of  the  abnormal 
tree  growth  here  are  not  ascribable  to  an  uncongenial  climate, 
nor  to  aridity  or  sterility  of  soil,  nor  to  exposure,  for  the  flour- 
ishing artificial  groves  in  Jefferson  county  are  upon  as  high 
land  as  there  is  probably  in  the  state,  so  near  the  Missouri  river. 
The  growth  of  fruit  trees,  apple,  peach,  pear,  and  the  grape 
vine,  during  the  past  season,  has  been  prodigioua 

Species  and  Distribution  of  Native  Trees. — The  Oak 
Family  is  represented  by  Quercus  obtusiloba  everywhere  in  the 
bushy  regions,  principafly  as  dwarfed  low  trees  and  bushes. 

Q.  macrocarpa  is  less  abundant,  but  occurs  throughout,  some 
gpecimens  of  &ir  proportions.     Q.  PrinuSj  (var.  humilis^)  every 
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where  in  the  bushy  regions  from  one  foot  to  fortyfeet  high,  fruit- 
ing abundantly;  the  very  smallest  bushes.  The  White  Oak 
{^,  alba)  was  not  met  with.  I  doubt  if  there  is  a  specimen  in  the 
State,  authors  of  books  on  Kansas  and  travelers  to  the  contrary 
notwithstanding.  It  is  known  to  be  one  of  the  first  oaks  that 
fails  westward,  and  probably  does  not  reach  the  State  at  any 
point 

Quercus  coccinea  was  frequently  met  with,  but  is  not  abun- 
dant ;  all  dwarfed  specimens. 

Quercus  rubra  is  more  plentifdl,  principally  young  trees. 

Quercus  palustris,  in  the  southern  portion  of  the  State  is 
abimdant,  the  principal  tree-growth  mostly  bushes  and  yoimg 
trees,  and  some  large  old  specimens  of  fiur  proportions  on  the 
bottoms  of  the  larger  streams. 

The  Hickory  Family  is  represented  by  JwgUms  nigra^  on  the 
streams,  but  not  plentiftil ;  a  few  large  specimens. 

Carya  alba^  C.  sulcata^  C  pordna^  u  amara  and  C,  olivce/onnis, 
(the  Pecan ;)  the  latter  abounds  abundantly  in  the  southern  part 
of  the  State,  but  so  far  as  seen,  in  bushy  specimens  or  young 
trees  of  little  promisa  Oarya  alba  and  (7.  porcina  are  the  two 
species  springing  up  thickly  in  the  bushy  regions,  and  are  des- 
tined soon  to  aSbm  an  abundance  of  the  best  of  fuel;  are 
already  of  size  for  hoop-poles  in  many  places  northward.  UU 
musfulva  and  JJlmus  Americana  abound  on  the  streama  These 
are  the  two  commonest  elms  everywhere  westward ;  the  latter 
principally  prevailing. 

Populus  monUifera^  the  common  cotton-wood,  was  freauentljr 
met  with,  but  is  probably  not  plenty  after  leaving  the  Missouri 
river.  Neither  of  the  Aspens,  so  common  in  the  r^ons  further 
north,  was  seen.  The  maples  are  rare  trees,  Acer  sacharinum 
was  not  seen.  A  few  weU  grown  trees  of  Negundo  aceroides,  (the 
box  elder).  The  IHospyros  Viramiana,  (Persimmon,)  is  an 
abundant  shrub  southward,  and  the  Pawpaw  {Asimina  triloba) 
is  scarcely  less  common  in  that  region. 

The  Herbaceous  Flora,  as  would  be  expected,  partakes 
much  of  the  character  of  the  high  plain  flora  west  of  the  Mis- 
souri river;  the  country  bein^  chiefly  prairie:  the  number  of 
species  is  smaU,  but  individuals  aggr^ate  immensely.  Of  the 
grasses,  Andropogon  furcatus,  A.  sooparius  and  Soighum  nu- 
tans, compose  probably  80  per  cent  These  are  the  chief  hay 
grasses,  and  probably  the  most  used  by  grazing  stock  in  the 
summer;  but  the  winter  forage  plant,  as  I  learned  fix)m  the  in- 
habitants, the  one  upon  which  their  cattle  graze  and  fatten  dur- 
ing the  wintOT  months,  and  from  which  Kansas  has  gained  her 
reputation  as  a  country  where  stock  needed  feeding  a  few  weeks 
in  the  year,  is  Sporcmlus  heterolepis.  This  grass  only  abounds 
plentifully  in  certain  localities ;  it  affects  the  moister  and  flatter 
portionB  of  the  prairie^  and  is  most  common  southwanL    It  isa 
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wide-spread  species,  however,  being  plentiful  in  Nebraska,  Iowa 
and  Illinois,  and,  doubtless,  in  other  localities ;  more  or  less 
abundant  all  over  the  west  and  northwest,  extending  east  also  to 
Connecticut  The  species  may  be  easily  known  by  its  small 
contracted  panicle  and  roimd  seeds,  and  especially  by  its  strong 
odor  when  bruised.  It  is  inclined  to  grow  in  bunches  or  stools, 
and  where  most  abundant  it  nearly  occupies  the  ground. 

The  relative  proportion  of  species  as  they  occur  in  the  locali- 
ties mentioned  oelow,  will  pretty  fairly  represent  the  Oraminea 
in  those  remons. 

In  one  hundred  square  feet  on  a  high  prairie  in  Jefferson 
county: — ^Andropogon  furcatus,  80  per  cent;  Andropogon 
scoparius,  8  per  cent;  Sorghum  nutans,  6  per  cent;  Koeleria 
cristata,  4  per  cent;  Bouteloua  curtipendula,  2  per  cent 

In  the  same  area  in  another  locality  in  Jefferson  county: 
Sorghum  nutans,  formed  20  per  cent ;  Andropogan  scopariiis, 
60  percent;  Sporobolus  heterolepis,  8  per  cent;  ranicum  vir- 
gatum,  8  per  cent ;  Panicum  pauciflorum,  4  per  cent 

Same  area  in  Franklin  county,  high  prairie : — Andropogon 
furcatus,  6  per  cent;  Andropogon  scoparius,  30  per  cent; 
Sorghum  nutans,  45  per  cent;  jSouteloua  curtipendula,  10  per 
cent;  Panicum  virgatimi,  8  per  cent;  Panicum  dichotomum, 
1  per  cent 

Same  area  in  Anderson  county ;  a  thin  soil,  high  prairie : — 
Andropogon  scoparius,  50  per  cent;  Andropogon  farcatus,  2 
per  cent;  Sorghum  nutans,  40  per  cent;  Koeleria  cristata,  7 
per  cent;  Panicum  pauciflorum,  1  per  cent 

These  stations  are  all  on  the  prairie,  where  no  local  conditions 
detennine  the  character  of  the  vegetation,  the  soils  not  affected 
by  alkali  or  a  superabundance  of  lime,  but  are  good  agricul- 
tural soila  Other  stations  are  occupied  with  special  species. 
The  strongest  alkaline  places  are  almost  exclusively  occupied 
with  Vilfa  cuspidata  and  V.  depauperaUi,  two  low-growing  spe- 
cies,  with  verv  fine  leaves  thickly  set  on  the  ground ;  probably 
nearly  worthless  for  grazing  purposes.  Another  peculiar  fea- 
ture of  the  coimtry  consists  of  the  rocky  places,  so-called. 
These  are  generally  found  in  the  vicinitv  of  streams  on  lie 
^und  OTaoing  from  the  high  prairies.  Their  peculiarity  con- 
sists in  Deing  everywhere  distmctly  lined  out  and  occupied 
abundantly  by  a  very  notable  HeUarUkus^  (sunflower,)  H.  orgyalis^ 
a  species  peculiar  to  that  region  of  the  country  and  southward 
These  localities  do  not  reach  the  northern  portion  of  the  Stata 
These  rocky  lands  furnish  the  botanist  with  his  richest  treasures. 
Another  very  notable  plant  of  the  southern  and  middle  portions 
of  Kansas,  and  pecidiar  to  those  regions,  is  Amphiachyris  dra- 
cimcuUndes.  This  is  an  annual,  resembling  Solidago  limfolia^ 
but  bearing  an  abundance  of  showy,  yellow  flowers  in  Septem- 
ber.    It  h^  spread  from  its  native  habitat, — ^the  rocky  soils, — 
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to  the  road  sides  and  into  the  fields  of  the  farmers,  where  it  has 
already  become  a  formidable  weed.  Imagine  a  field  of  flax  in 
fall  bloom,  and  you  have  a  picture  of  many  fields  of  the  Eitnsas 
fermers,  only  diftering  in  appearance  by  the  flowers  being  yellow 
instead  of  blue.  It  has  diii'erent  local  names,  such  as  fiutter- 
weed,  Tumble-weed,  etc.  A  shopkeeper  in  Humboldt,  to  whom 
I  applied  for  information,  rather  contemptuously  replied,  "Curi- 
ous any  body  didn^t  know  tumble  weed"  Let  not  our  readers 
imagine  that  the  plant  is  Amaranthus  aUms,  or  Oychloma  platy- 
phylhy  that  so  often  tumble  over  the  fences  and  hedges  in  Illi- 
nois in  the  autumn  months.  But  the  Kansas  plant  dees  tumble 
some,  too.  When  not  growing  too  thickly,  it  forms  a  rather 
bushy,  round  head. 

But  probably  the  most  notable  plant  on  the  prairies,  at  this 
season  of  the  year,  the  most  imiversally  distributed,  and  the 
most  showy,  is  Salvia  Pitcheri,  a  species  of  sage,  three  to  five 
feet  high,  bearing  spikes  of  copious,  rather  large,  blue  flowera 
These  give  coloring  to  the  prairie  landscape  more  or  less  abund- 
antly (except  in  the  northern  counties,  where  it  becomes  much 
rarer)  as  far  as  the  vision  extends  on  either  side,  towering  above 
the  grasses  and  most  other  plants,  crowning  the  whole  verdant 
plain  below  with  a  canopy  of  blua  Anotner  species  of  Sage 
(Salvia  trichostemoides)  is  common  also.  This  is  more  of  a  weed 
in  appearance,  and  even  threatens  to  become  troublesome  to  the 
agriculturist 

The  general  herbaceous  flora  is  largely  represented  with  the 
Helianthi  Helianthus  lenticularisj  a  showy  species,  much  re- 
sembling the  common  annual  sun-flower,  is  too  abundant,  being 
more  or  less  troublesome  as  a  weed  to  the  farmer.  JEklian&ius 
petiolarisj  another  annual  species,  is  less  common.  If,  grosse- 
serratusj  H,  Maocimiliani  on  most  rich  soils.  JET.  rigtdus  every- 
where abounds,  and  H.  mollis  occurs  in  all  the  southern  por* 
tions  in  immense  quantity,  but  entirely  disappears  northward. 
Only  Silphium  laciniatum  was  seen.  The  other  notable  prairie 
species  of  "rosin  weed,"  Silphium  terdnnthiruuxum  does  not 
probably  occur.  These  plants  I  find  are  looked  after  by  land 
hunters  as  indications  of  a  good  soiL  I  find  the  one  species 
here  of  all  heights,  fix)m  a  foot  to  six  feet ;  the  general  average 
is  about  three  feet  this  wet  season,  which  is  much  below  the  (M^ 
dinary  stature  of  the  plant  as  seen  on  the  prairies  of  Illinoi& 
Some  other  Compositse  are  largely  represented:  Aster  muUiflorus^ 
Solidago  rigidus,  S  linifoliits,  ana  S  Missouriensis  being  exceed- 
ingly abundant  in  specimena  The  Vemonia  fasciciuaris  that 
gives  so  much  character  and  notability  to  the  bottom  lands  and 
wet  prairies  of  Illinois  in  the  autumn  months,  is  here  represented 
by  an  allied  species,  Vemonia  Arhansana^  but  in  much  fewer 
specimena 
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Lespedeza  capitata,  of  the  Pea  family,  is  everywhere  abimdant 
>n  the  prairies,  and  cut  with  the  hay  often  forms  too  large  a 
portion  of  tonn£^e  for  the  interest  of  the  buyer ;  which  also  must 
\)e  said  of  Liatris  scariosa  and  L,  squarrosa ;  the  former  some- 
times equal  to  a  fourth  or  fifth  of  the  gross  weight  of  a  stack. 
Fwo  other  speeies,  but  less  abundant,  are  represented  in  the 
3tate,  Z.  punctata  and  L,  pycnostachya^  These  noble  plants  em- 
[mrple  the  landscape  on  tnousands  of  acres  in  August  and  Sep- 
bemoer.  Qerardia  asperifolia  is  abundant  almost  everywhere  on 
bhe  prairie,  and  contributes  a  good  share  to  the  weedy  character 
>f  the  hay.  Eryngium  Leavenworthii  in  the  extreme  south  is  a 
jhowy,  handsome  plant,  and,  though  a  biennial,  well  deserves  a 
place  in  ornamental  grounds.  Mamillaria  vivipara  and  a  form 
jf  Opuntia  Atissouriensis  represent  the  Cactaceoej  so  far  as  seen. 

WEEDa — The  Kansas  farmer  has  alreadv  introduced  his 
ijiiota  of  foreign  weeds ;  but  he  also  has  some  lormidable  natives 
k>  combat, — ^plants  that  thrive  exceedingly  with  cultivation. 
Amphuichyris  dracunculotdes,  before  mentioned;  Oroton  capita- 
hem,  and,  perhaps,  worst  of  all,  Solanum  rostratum,  a  species 
that  probably  combines  the  bad  characters  of  Datura  Stramo- 
fumm^  the  clot  bur  and  the  sand  bur.  The  plant  is  an  annual, 
ind  is  already  easily  established,  particularly  in  the  neighbor- 
hood of  Leavenworth  City.  The  common  native  Polygonums 
in  many  localities  have  grown  so  abundantly  and  so  large  in  the 
Kelds  as  to  make  them  almost  inaccessible  to  a  nervous  pe- 
iestrian. 

Setaria  glauca,  (the  fox  tail)  was  plentifally  introduced  on  al- 
most every  farm  in  some  localities,  and  flourishes  exceedingly. 
Some  of  the  &rmers  believe  it  to  be  native,  so  unaccountably 
has  it  appeared  on  their  ferms.  But,  like  purslane,  it  insidi- 
ously marches  westward,  and  often,  doubtless,  the  seeds  are 
abimng  their  time  for  the  conditions  of  soil  necessary  to  their 
development,  for  years  in  advance  of  the  agriculturist  But  of 
tbe  introduced  plants  we  sought  in  vain  through  all  the  Middle 
and  Southern  counties  for  Poa  pratensis,  the  Kentucky  blue 
grass.  Why  a  plant  that  is  so  profitable  to  apiculture,  so  tena- 
cions  of  life,  ana  so  encroaching  on  the  neighooring  species  that 
few  things  are  able  to  survive  its  neighborship  (even  the  hazel 
with  the  aid  of  grazing  stock  is  gradually  dying  out  before  it  in 
Illinois^  and  in  most  parts,  especially  of  central  Illinois,  the 
DatiTe  grasses  have  long  since  yielded  to  its  persistent  encroach- 
ments),— ^why  this  species  should  be  entirely  absent  was  left  to 
US  without  explanation.  The  residence  grounds  in  the  city  of 
Lawrence,  many  of  them  tastefully,  elegantly,  and  expensively 
improved  with  buildings,  were  waving  with  Pantcum  capillare^ 
vraried  with  species  of  weeds. 

Ax.  Jour.  Sol— Ssoohd  Sbbiss,  Vol.  L,  No.  148.— July,  1870. 
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Can  it  be  that  all  this  comes  from  simple  neglect  of  introduc- 
tion ?  In  the  bushy  regions  in  the  neighborhood  of  Leaven- 
worth and  Atchison,  some  blue  grass  is  met  on  the  roadsides ;  a 
few  pastures  near  Leavenworth  (looking  as  if  doing  well)  and 
the  city  residence  lots  are  frequently  occupied  with  it ;  but  in 
no  other  parts  of  the  State  was  the  plant  seen. 

Prairie  Vegetation. — The  following  catalogues  represent 
the  entire  native  flora  on  the  areas  and  at  the  localities  men- 
tioned. Soon  most  of  these  things  will  have  passed  away  be- 
fore the  restless  plowshare  and  the  all-devouring  kina  I  give 
them  as  a  natural  history  record. 

One  hundred  square  feet  on  high  prairie  in  Jefferson  county: 

Sorgham  nutans,  20  per  cent  Solidago  linifolia  1  plant. 

Andropogon  scoparius  60  per  cent.  Aster  multiflorus  10  plants. 

Sporopolus  heterolepis  5     *'      "  Panicura  dichotomum  1  plant. 

Helianthus  rigidus  10  per  cent  Aster  azureus  5  plants. 

Euphorbia  corollata  3  plants.  Liatris  scariosa  1  plant 

Asclepias  tuberosa  1  plant.  Liatris  squarrosa  1  plant 

Petalostemon  candidum  8  plants.  Eragrostis  capillaris  1  plant 


Coreopsis  palmata  1  plant 
Panicum  rirgatum  6  plants. 
Salvia  Pitcher!  1  plant 
Solidago  Canadensis  1  plant 
Solidago  rigida  1  plant 


Lespedeza  capitata  1  plant 
Eryngium  yuccsefolium  1  plant 
Silphiuui  laciniatum  1  plant 
Phlox  pilosa  1  plant 


Same  area  in  Franklin  county,  high  prairia 

Sorghum  nutans,  60  per  cent  Erigeron  canadense  1  plant 

Andropogon  scoparius  20  per  cent  Enhnia  eupatorioides  1  plant. 
Andropogon  furcatus  2  per  cent       Petalostemon  violaceum  1  plant. 

Rosa  blanda  8  plants. 
Petalostemon  candidum  1  plant 
Silphium  laciniatum  2  plants. 
Panicum  dichotomum  1  plant 
Helianthus  rigidus  3  plants. 
Euphorbia  corollata  1  plant 
Solidago  rigida  1  plant 


Lespedeza  capitata  8  plants. . 
Lactuca  elongata  1  plant        * 
Aster  lae^8  1  plant 
Aster  oblongifolius  3  plants. 
Salvia  Pitcheri  5  plants. 
Liatris  scariosa  2  plants. 
Bouteloua  curtipendula  8  plants. 


Panicum  virgatum  6  plants. 
Same  area  in  Anderson  county,  high  prairie,  thin  soiL 

Andropogon  scoparius,  40  per  cent  Linum  Boottii  10  plants. 
Andropogon  furcatus  1  plant  «  »•'        ••  •'•  ••     -     • 

Sorghum  nutans  30  per  cent 
Gerardia  asperifolia,  50  plants. 
Kceleria  cristata,  10  per  cent. 
Helianthus  rigidus  25  plants. 
Aster  multiflorus  1  plant. 
Solidago  Missouriensis  2  plants. 
Amorpha  cancscens  1  plant 
Panicum  panciflomm  8  plants. 


Solidago  linifolia  4  plants. 
Polygala  verticillata  8  plants. 
Baptisia  leucantha  1  plant 
Antenaria  dioica  8  plants. 
Ruellia  ciliosa  1  plant 
Coreopsis  tinctoria  1  plant 
Psorafea  floribunda  1  plant 
Eryngium  yuccsefolium  1  plant 
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area  in  Linn  county ;  high  prairie. 

gon  furcatas  80  per  cent.  Liatris  squarrosa  8  plants, 

gon  scoparins  5  per  cent.  Euphorbia  corollata  1  plant 

I  nutans  8  per  cent.  Panicum  dichotomum  p  plants, 

sa  capitata  5  plants.  Eoeleria  cristata  1  plant. 

•  Missouriensis  6  plants.  Oxalis  violacea  1  plant, 

us  ovalis  1  plant.  Echinacea  angustifolia  1  plant, 

ureus  3  plants.  Linum  Boottii  1  plant, 

lonmfolius  5  plants.  Polytsenia  Nuttallii  1  plant, 

linifolia  1  plant.  Bouteloua  curtipendala  1  plant, 

itcheri  1  plant.  Ambrosia  pycnostachya  1  plant. 

ft  canescens  5  plants.  Petalostemon  violaceum  1  plant, 

us  rigidns  3  plants.  Polygala  incamata  1  plant. 


'. — Notice  of  some  Minerals  from  New  Jersey ;  by  Pro£ 
W.  T.  EcBPPEB,  of  Bethlehem,  Pa. 

1.  Iron^  Manganese,  Zinc,  Chrysolite. 

Stirling  Hill,  Sussex  county,  N.  J.,  which  with  its  neigh- 
5  Minehill,  seems  to  be  an  inexhaustible  storehouse  of 
ing  minerals,  both  scientifically  and  commercially,  has 
3d  an  antitype  to  Prof  Brush  s  Hortonolite  from  the 
ig  Orange  county. 

)  years  ago  I  examined  a  black  crystalline  massive  min- 
m  this  locality,  and  found  it  to  be  a  \inisilicate  of  the 
ds  of  iron,  manganese,  zinc  and  magnesium,  and  as 
ed  many  of  the  characteristic  physical  and  chemical 
ies  of  cmysolitic  minerals,  especially  that  peculiar  mot- 
oring, which  is  so  marked  in  olivines,  I  supposed  it  a 
of  tephroite,  that  pecuhar  subspecies  of  the  group  hav- 
rtly  before  been  rediscovered  by  Prof  Brush.  During 
o  the  locality  in  the  course  of  last  year,  I  succeeded  in 
distinct  crystals,  which  at  once  ranged  the  mineral  un- 
kbly  among  the  chrysolites. 

aUizoMon, — The  crystals  occur  in  great  numbers,  grouped 
r,  and  of  all  sizes,  from  an  eighth  of  an  inch  to  two  inches 
;h  and  nearly  one  inch  in  breadth.  They  are  mostly 
1,  owing  to  an  incipient  alteration  of  the  surface  through 
c  waters,  black  ana  didl  on  the  outside,  but  with  lus- 
id  brilliant  cleavages  on  being  broken.  Some  of  them, 
r,  are  sharp,  and  allow  of  a  measurement  of  angles  at 
r  the  hand-goniometer.  The  dominant  forms  are :  12  (an- 
r  t\  130°),  vi  {liAth  115°),  ll  (angle  at  top,  77°]^.  Gene- 
bordinate  I  have  observed  the  following  forms :  ^^J  1-i,  1-i 
a  face  replacing  combination  edge  t-2Al-*  with  pandlel 
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2m' 

mtersection-edffes,  in  which  therefore  w'  =  —. ,   to  which 

°  m  —m 

among  simple  coefficients  the  forms  2-i  or  3-3  would  answer. 
The  face  is  too  small  and  dull  to  allow  of  a  measurement  of 
angle ;  2-i  appears  however  the  more  likely  form,  as  chrysolites 
seem  to  have  a  preference  for  the  ratio  1 : 2.  Cleavages^  three 
rectangular ;  O  and  t-i  very  and  almost  equally  eminent,  with 
vitreo-pearly  luster  approaching  the  sub-adamantine ;  i-l  splin- 
tery. Saraness= 5  '5-6.  Sp.  (?. = 3  '96-4:  '08.  The  average  of  nine 
determinations  with  Jolly's  spring  balance  gave  4*023.  Cfefor, 
dark  green  to  black  but  eminently  mottled,  so  that  thin  splinters 
or  laminae  transmit  a  pale  yellow  light  Streak,  light-yellow- 
ish-reddish-gray. The  powder  is  slightly  attracted  by  the  mag- 
net BB.  rather  refractory,  fiising  at  thin  edges  to  a  dull  black 
sla^.  On  charcoal  gives  a  zinc  coating,  more  distinctly  on  ad- 
dition of  soda.  With  the  fluxes  the  usual  reactions  for  silica, 
iron  and  manganese.  The  borax  and  microcosmic  beads  give 
in  the  O.  F.  the  characteristic  brownish  purple  color,  indicating 
mixtures  of  iron  and  manganese,  which  becomes  green  in  the 
reducing  flame.  With  acids  gelatinizes  readily  ana  completely. 
Some  specimens  leave  a  bright  green  undissolved  residue,  which 
I  judge  to  be  spinel  both  from  its  hardness,  its  not  being  at- 
tacked by  fusion  with  soda,  and  complete  decomposition  by 
bisulphate  of  soda. 

In  the  following  analyses  the  silica  was  separated  in  the  usual 
manner,  the  filtrate  from  the  silica  neutralized  by  carbonate  of 
soda,  then  acidified  with  acetic  acid  and  a  current  of  sulphuret- 
ted hydrogen  passed  through  the  solution,  which  separated  the 
zinc  as  sulphid.  This  was  filtered  off",  redissolved  in  HCl, 
and  then  precipitated  from  the  uninterruptedly  boiling  solution 
by  slowly  adding  SaO,  and  the  2nO  finally  converted  into  2n 
by  ignition.  The  filtrate  after  the  separation  of  the  zinc  was 
then  boiled  with  the  addition  of  1K0,C105  to  sesquioxydize  the 
iron,  the  iron  precipitated  in  the  usual  manner  as  subacetate,  re- 
dissolved  and  reprecipitated  by  ammonia,  the  manganese  separa- 
ted by  bromine  and  aetermined  as  pyrophosphate  with  the  pre- 
cautions pointed  out  by  Dr.  Gibbs,  (this  Journal,  No.  xxxi,  p. 
216),  and  lastly  the  magnesia  determined  as  pyrophosphate.  I 
will  here  remark,  that  I  did  not  succeed  in  separating  the  oxyd 
of  zinc  from  the  iron  by  the  usual  acetate  of  soda  process,  but 
that  a  great  and  often  the  greater  part  of  the  4n  went  down 
with  the  iron,  which  I  attribute  to  the  necessary  boiling  of  a 
dilute  solution  (vid.  Johnson's  QuaL  Fresenius).  Hence  my 
former  analyses  were  not  correct,  gave  too  little  zinc  and  resulted 
in  uni-oxygen  ratio  only  on  account  of  the  near  proximity  of 
the  equivdents  of  iron,  manganese  and  zinc-oxyds.  I  may, 
however,  not  have  handled  the  method  correctly. 
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le  samples  No.  1  and  2  were  fresh  pieces  of  cleavage  crystals 
iiUy  examined  by  the  lens  so  as  to  avoid  all  visible  admix- 
?.  No.  1  was  lighter  in  color  than  No.  2,  a  and  6,  which 
r  are  analyses  of  the  same  powder.  No.  8  are  analyses  of 
different  powders  of  the  massive  variety. 


1. 

2. 
a           b 

3. 
a     1      b 

1. 

( 
2,0. 

3z7gen 
2,6. 

3,  a. 

3,6. 

30-76 

33-78 

16-26 

10-96 

7-60 

29-90 

35-60 

16-90 

10-66 

5-81 

1-03 

30-56 

35-44 

16-93 

10-70 

6-44 

104 

30-67 

35-37 

17-81 

9-87 

5-69 

1-39 

30-42 

34-20 

17-67 

9-09 

6-49 

2*66 

16-41 

16-96 

16-30 

16-36 

16-22 

7-61 
3-66 
2-16 
3-04 

7-91 
3-81 
2-11 
2-32 

7-88 
3-82 
211 
218 

7-86 
4  01 
1-96 
2-28 

7-60 
3-98 
1-80 
2-60 

99-35 

99-90 

100-11 

100-80 

100-52 

16-37 

1616 

16-99 

1610 

16-98 

le  foregoing  oxygen  ratios  make  the  mineral  a  unisilicate. 

crystdlization  being  orthorhombic  with  the  parametric 
s  of  the  chrysolite  group,  which  is  confirmed  by  the  other 
ical  and  chemical  characters ;  it  is  hence  an  iron-manganese- 
chrysolite,  the  first,  to  the  best  of  my  knowledge,  of  the 
p,  into  the  composition  of  which  zinc  enters  as  a  constituent 

occurs,  as  beiore  said,  on  Stirling  hill,  accompanied  by 
emite,  Franklinite,  Jeffersonite  and  spineL 

2.  Manganesian  Dolomite. 

the  vast  vein  of  Willemite,  which  is  being  worked  on 
jhill  by  the  New  Jersey  Zinc  Company,  there  occur  small 
es  of  a  beautiful  delicate  pink  mineral  with  a  rhombohedral 
^age,  which  by  their  contrast  with  the  purely  apple-green 
emite  make  exceedingly  pretty  specimens.  An  analysis 
the  following  composition : 

6aC  "SlLuO  teO  iLgO         InsoL 

50;40        43-54  '76         569        0-08  =   10047 

>ecific  gravity  =3*052.     Hardness  =4. 

le  mineral  differs  from  the  known  dialogites  hj  its  greater 
ortion  of  carbonate  of  lime,  and  may  be  considered  either 
dialogite  in  which  a  little  more  than  one-half  of  the  Sin  is 
iced  by  lime,  or  as  a  dolomite  in  which  about  five-sixths  of 
nagnesia  is  replaced  by  fin. 

.  pseudomorph  of  opal  afier  a  micaceotis  mineral  probably 

some  chlorite. 

a  Scotch  mountain,  Warren  county,  N.  J.,  not  far  fix)m  New 
age,  among  the  Laurentian  syenitic  gneiss  formation  of  that 
3n,  there  occur,  scattered  over  the  ground,  numerous  masses 
white  q  uartzo3e  mineral  apparently  of  agglutinated  rounded 
lules  or  about  J  inch  diameter.     Upon  close  examination, 
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many  of  these  granules  show  distinct  cleavages,  which  exhibit 
a  hexagonal  outline.  Searching  the  ground  carefully  I  found 
wormlike  contorted  crystals,  in  shape  like  the  similar  forms  of 
some  chloritic  minerals.  The  substance  is  distinguished  from 
quartz  by  its  low  specific  gravil^  =1'961,  and  inferior  hardness 
(near  6).  It  is  mostly  soluble  m  caustic  potash,  leaving  only  8 
per  cent  insoluble,  which  seemed  to  consist,  in  part  at  least,  of 
the  original  mineral.  On  ignition  it  loses  7 '27  per  cent  water. 
It  is  therefore  manifestly  amorphous  quartz  or  opal.  Indeed 
small  masses  of  unquestionable  opal  of  various  colors  are  found 
in  the  neighborhood. 

It  hence  appears,  that  micaceous  structure  is  not,  as  is  fre- 
quently assumed,  the  absolute  closing  scene  of  the  metamor- 
phism  of  minerals,  but  that  the  replacing  power  of  silica  is  able 
to  overcome  the  antimetamorphic  energies  of  minerals  even, 
which  have  arrived  at  the  micaceous  stage. 

Bethlehem,  April  22,  1870. 


Art.  YL — On  the  Size  of  Atoms;  by  Prof  Sir  W.  Thomson, 

F.RS.* 

The  idea  of  an  atom  has  been  so  constantly  associated  with 
incredible  assumptions  of  infinite  stren^h,  absolute  rigidity, 
mystical  actions  at  a  distance,  and  indivisibility,  that  chemists 
and  many  other  reasonable  naturalists  of  modem  times,  losing 
all  patience  with  it,  have  dismissed  it  to  the  realms  of  metaphys- 
ics, and  made  it  smaller  than  "anything  we  can  conceive." 
But  if  atoms  are  inconceivably  small,  why  are  not  all  chemical 
actions  infinitely  swift  ?  Chemistry  is  powerless  to  deal  with 
this  question,  and  many  others  of  paramount  importance,  if 
barred  by  the  hardness  of  its  fundamental  assumptions,  from 
contemplating  the  atom  as  a  real  portion  of  matter  occupying 
a  finite  space,  and  forming  a  not  immeasurably  small  constitu- 
ent of  anv  palpable  body. 

More  tnan  thirty  years  affo  naturalists  were  scared  by  a  wild 
proposition  of  dauchy's,  that  the  familiar  prismatic  colon 
proved  the  "sphere  of  sensible  molecular  action"  in  trans- 
parent liquids  and  solids  to  be  comparable  with  the  wave- 
length of  light  The  thirty  years  which  have  intervened  have 
only  confirmed  that  proposition.  They  have  produced  a  large 
number  of  capable  judges  ;  and  it  is  only  incapacity  to  judge 
in  dynamical  questions  that  can  admit  a  doubt  of  the  substan- 
tial correctness  of  Cauchy's  conclusion.  But  the  "  sphere  of 
molecular  action  "  conveys  no  very  clear  idea  to  the  non-mathe- 

*  From  Nature,  No.  22,  March  31. 
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ical  mind.  The  idea  which  it  conveys  to  the  mathematical 
d  is,  in  my  opinion,  irredeemably  false.  For  I  have  no 
li  whatever  in  attractions  and  repulsions  acting  at  a  (^stance 
veen  centers  of  force  according  to  various  laws.  What 
.chy's  mathematics  really  proves  is  this :  that  in  palpably 
logeneous  bodies,  such  as  elass  or  water,  contiguous  portions 
not  similar  when  their  dimensions  are  moderately  small 
tions  of  the  wave-lengtL  Thus  in  water,  contiguous  cubes, 
1  of  one  one-thousanath  of  a  centimeter  breadth,  are  sen- 
y  similar.  But  contiguous  cubes  of  one  ten-millionth  of  a 
timeter  must  be  veiv  lensibly  different  So  in  a  solid  mass 
brickwork,  two  amacent  lengths  of  20,000  centimeters 
1,  may  contain,  one  of  them  nine  hundred  and  ninety-nine 
ks  and  two  half  bricks,  and  the  other  one  thousand  bricks : 
3  two  contiguous  cubes  of  20,000  centimeters  breadth  may 
x)nsidered  as  sensibly  similar.  But  two  adjacent  lengths  of 
y  centimeters  each  mi^ht  contain,  one  of  them  one  brick 
two  half  bricks,  and  the  other  two  whole  bricks  ;  and  con- 
lous  cubes  of  forty  centimeters  would  be  very  sensibly  dis- 
ilat.  In  short,  optical  dynamics  leaves  no  alternative  but 
Gulmit  that  the  diameter  of  a  molecule,  or  the  distance 
a  the  center  of  a  molecule  to  the  center  of  a  contiguous 
ecule  in  glass,  water,  or  any  other  of  our  transparent  liquids 
solids,  exceeds  a  ten-thousandth  of  the  wave-length,  or  a 
-hundred-millionth  of  a  centimeter. 

{y  experiments  on  the  contact  electricitjr  of  metals  made 
it  or  ten  years  ago,  and  described  in  a  letter  to  Dr.  Joule, 
ch  was  published  in  the  Proceedings  of  the  Literary  and 
loeophical  Society  of  Manchester,  1  found  that  plates  of 
5  and  copper  connected  with  one  another  by  a  fine  wire 
act  one  another,  as  would  similar  pieces  of  one  metal  con 
ted  with  the  two  plates  of  a  galvamc  element,  having  about 
je-quarters  of  the  electro-motive  force  of  a  Daniel's  element 
feasurements  published  in  the  Proceedings  of  the  Eoyal 
iety  for  1860  showed  that  the  attraction  between  parallel 
:es  of  one  metal  held  at  a  distance  apart  small  in  com- 
ison  with  their  diameters,  and  kept  connected  with  such 
;alvanic  element,  would  experience  an  attraction  amount- 
to  two  ten  -  thousand  -  miUionths  of  a  gram  weight  per 
I  of  the  opposed  surfaces  equal  to  the  square  of  the 
tance  between  them.  Let  a  plate  of  zinc  and  a  plate  of 
)per,  each  a  centimeter  square  and  a  hundred-thousandth  of 
entimeter  thick,  be  placed  with  a  comer  of  each  touching  a 
tal  globe  of  a  hundred-thousandth  of  a  centimeter  diameter, 
t  the  plates,  kept  thus  in  metallic  communication  with  one 
othw  be  at  first  wide  apart,  except  at  the  comers  touching 
e  little  globe,  and  let  them  then  be  gradually  turned  rouna 
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till  they  are  parallel  and  at  a  distance  of  a  hundred-tlioiisandth 
of  a  centimeter  asunder.  In  this  position  they  will  attract  one 
another  with  a  force  equal  in  all  to  two  grams  weight  By  ab- 
stract dynamics  and  the  theory  of  energy,  it  is  readily  proved 
that  the  work  done  by  the  changing  force  of  attraction  during 
the  motion  by  which  we  have  supposed  this  position  to  be 
reached,  is  equal  to  that  of  a  constant  force  of  two  grams 
weight  acting  through  a  space  of  a  hundred-thousandth  of  a 
centimeter;  that  is  to  say,  to  two  hundred-thousandths  of 
a  centimeter-gram.  Now  let  a  second  plate  of  zinc  be  brought 
by  a  similar  process  to  the  other  side  of  the  plate  of  copper ; 
a  second  plate  of  copper  to  the  remote  side  of  this  second  plate 
of  zinc,  and  so  on  till  a  pile  is  formed  consisting  of  50,001  plates 
of  zinc  and  50,000  plates  of  copper,  separated  by  100,000 
spaces,  each  plate  and  each  space  one  hundred-thousandth  of 
a  centimeter  thick.  The  whole  work  done  by  electric  attrac- 
tion in  the  formation  of  this  pile  is  two  centimeter-grams. 

The  whole  mass  of  metal  is  eight  grams.  Hence  the  amount 
of  work  is  a  quarter  of  a  centimeter-gram  per  gram  of  metal 
Now  4,030  centimeter-grams  of  work,  accord-mg  to  Joule's 
dynamical  equivalent  of  heat,  is  the  amount  required  to 
warm  a  gram  of  zinc  or  copper  by  one  degree  centigrade. 
Hence  the  work  done  by  the  electric  attraction  could  warm 
the  substance  by  only  ttt^tt  of  ^  degree.  But  now  let  the 
thickness  of  each  piece  of  metal  aud  of  each  intervening  space 
be  a  hundred-millionth  of  a  centimeter  instead  of  a  hunored- 
thousandth.  The  work  would  be  increased  a  million-fold  un- 
less a  hundred-millionth  of  a  centimeter  approaches  the  small- 
ness  of  a  molecula  The  heat  equivalent  would  therefore  be 
enough  to  raise  the  temperature  of  material  by  62°.  This 
is  barely,  if  at  all,  admissible,  according  to  our  present  knowl- 
edge, or,  rather,  want  of  knowledge,  regarding  the  heat 
of  combination  of  zinc  and  copper.  But  suppose  the  metal 
plates  and  intervening  spaces  to  be  made  yet  four  times 
thinner,  that  is  to  say,  the  thickness  of  each  to  be  four- 
hundred-millionth  of  a  centimeter.  The  work  and  its  heat 
equivalent  will  be  increased  sixteen-fold.  It  would  there- 
fore be  990  times  as  much  as  that  required  to  warm  the  mass 
by  10  cent,  which  is  very  much  more  than  can  possibly  be 
produced  by  zinc  and  copper  in  entering  into  molecular  com- 
oination.  Were  there  in  reality  anything  like  so  much  heat 
of  combination  as  this,  a  mixture  of  zinc  and  copper  powders 
would,  if  melted  in  any  one  spot,  run  together,  generating  more 
than  heat  enough  to  melt  each  throughout;  just  as  a  large 
quantity  of  gunpowder  if  ignited  in  any  one  spot  burns  through- 
out without  fresh  application  of  heat  Hence  plates  of  zmc 
and  copper  of  a  three-hundred-millionth  of  a  centimeter  thick, 
placed  close  together  alternately,  fornj^  a  near  approximation  to 
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t  chemical  combination,  if  indeed  such  thin  plates  could  be 
nade  without  splitting  atoms. 

The  theory  of  capillary  attraction  shows  that  when  a  bubble 
—a  soap-bubble  for  instance — is  blown  larger  and  larger,  work  is 
lone  by  the  strptching  of  a  film  which  resists  extension  as  if  it 
vere  an  elastic  membrane  with  a  constant  contractile  forca 
Phis  contractile  force  is  to  be  reckoned  as  a  certain  number  of 
inits  of  force  per  unit  of  breadth.  Observations  of  the  ascent 
)f  water  in  capillary  tubes  shows  that  the  contractile  force  of  a 
hin  film  of  water  is  about  sixteen  milligrams  weight  per 
oillimeter  of  breadtL  Hence  the  work  done  in  stretching  a 
^ater  film  to  any  degree  of  thinness,  reckoned  in  millimeter- 
oilligrams,  is  equal  to  sixteen  times  the  number  of  square 
nillimeters  by  wnich  the  area  is  augmented,  provided  the  film 
s  not  made  so  thin  that  there  is  any  sensible  diminution  of  its 
jontractile  force.  In  an  article  "On  the  Thermal  effect  of 
Irawing  out  a  Film  of  Liquid/'  published  in  the  Proceedings 
)f  the  Royal  Society  for  April,  1858,  I  have  proved  fi-om  the 
lecond  law  of  thermodynamics  that  about  half  as  much  more 
jnergy,  in  the  shape  of  heat,  must  be  given  to  the  film  to  pre- 
sent It  from  sinking  in  temperature  while  it  is  being  drawn  out 
lence  the  intrinsic  energy  of  a  mass  of  water  in  the  shape  of 
I  film  kept  at  constant  temperature  increases  by  twenty-four 
nilligram-millimeters  for  every  square  millimeter  added  to  its 
irea. 

Suppose  then  a  film  to  be  given  with  a  thickness  of  a  milli- 
aeter,  and  suppose  its  area  to  be  augmented  ten  thousand  and 
>ne  fold :  the  work  done  per  s(^uare  millimeter  of  the  orig- 
nal  film,  that  is  to  say  per  milligram  of  the  mass,  would  be 
!40,000  millimeter-milligrams.  The  heat  equivalent  of  this 
8  more  than  half  a  degree  centigrade  of  elevation  of  tempera- 
ure  of  the  substance.  The  thickness  to  which  the  film  is 
leduced  on  this  supposition  is  very  approximately  a  ten-thou- 
ondth  of  a  millimeter.  The  commonest  observation  on  the 
soap-bubble  (which  in  contractile  force  differs  no  doubt  very 
little  from  pure  water)  shows  that  there  is  no  sensible  diminu- 
tion of  contractile  force  by  reduction  of  the  thickness  to  the 
ten-thousandth  of  a  milhmeter;  inasmuch  as  the  thickness 
which  gives  the  first  maximum  brightness  round  the  black 
spot  seen  where  the  bubble  is  thinnest,  is  only  about  an  eight- 
thousandth  of  a  milhmeter. 

The  very  moderate  amount  of  work  shown  in  the  preceding 
estimates  is  quite  consistent  with  this  deduction.  But  suppose 
now  the  film  to  be  further  stretched,  until  its  thickness  is 
reduced  to  a  twenty-millionth  of  a  millimeter.  The  work 
spent  in  doing  this  is  two  thousand  times  more  than  that  which 
we  have  just  calculated.     The  heat  equivalent  is  1,130  times 
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upon  one  another  only  bj  contact,  the  law  of  force  would  be 
— zero  force  when  the  distance  from  center  to  center  exceeds 
the  sum  of  the  radii,  and  infinite  repulsion  for  any  distance 
less  than  the  sum  of  the  radii  This  hypothesis,  with  its 
"hard  and  fast"  demarcation  between  no  force  and  infinite 
force,  seems  to  require  mitigation.  Without  entering  on  the 
theory  of  vortex  atoms  at  present,  I  may  at  least  say  that  soft 
elastic  BoUds,  not  necessari^  globular,  a/e  more  promising  than 
infinitely  hard  elastic  globes.  And,  happily,  we  are  not  left 
merely  to  our  fimcy  as  to  what  we  are  to  accept  for  probable 
in  respect  to  the  law  of  forca  If  the  particles  were  hard 
dastic  globes,  the  average  time  from  collision  to  collision  would 
be  inversely  as  the  average  velocity  of  the  particles.  But  Max- 
weirs  experiments  on  the  variation  of  the  viscosities  of  gases 
with  change  of  temperature  prove  that  the  mean  time  from 
collision  to  collision  is  independent  of  the  velocity,  if  we  give 
the  name  collision  to  those  mutual  actions  only  which  produce 
something  more  than  a  certain  specified  degree  of  deflection  of 
the  line  of  motion.  This  law  could  be  fulfilled  by  soft  elastic 
particles  (globular  or  not  globular) ;  but,  as  we  have  seen,  not 
oy  hard  elastic  globea  Such  details,  however,  are  beyond  the 
scope  of  our  present  argument  What  we  want  now  is  rough 
approximations  to  absolute  values,  whether  of  time  or  space  or 
mass — ^not  delicate  difierential  resulta  By  Joule,  Maxwell, 
and  Clausius  we  know  that  the  average  velocity  of  the  mole- 
cules of  oxygen  or  nitrogen  or  common  air,  at  ordinary  atmos- 
pheric  temperature  and  pressure,  is  about  50,000  centimeters 
per  second,  and  the  average  time  from  collision  to  collision  a 
nve-thousand-millionth  of  a  second.  Hence  the  average  length 
of  path  of  each  molecule  between  collisions  is  about  yiriiVTnr 
of  a  centimeter.  Now,  having  left  the  idea  of  hard  globes, 
flDCording  to  which  the  dimensions  of  a  molecule  and  the 
distinction  between  collision  and  no  collision  are  perfectly 
sharp,  something  of  apparent  circumlocution  must  take  the 
place  of  these  simple  terms. 

First,  it  is  to  be  remarked  that  two  molecules  in  collision 
will  exercise  a  mutual  repulsion  in  virtue  of  which  the  distance 
between  their  centers,  after  being  diminished  to  a  minimum, 
will  b^n  to  increase  as  the  molecules  leave  one  another.  This 
minimum  distance  would  be  equal  to  the  sum  of  the  radii,  if 
the  molecules  were  infinitely  ham  elastic  spheres;  but  in  reality 
we  must  suppose  it  to  be  very  difierent  in  different  collisions. 
Considering  only  the  case  of  equal  molecules,  we  might,  then, 
define  the  radius  of  a  molecule  as  half  the  average  shortest 
distance  reached  in  a  vast  number  of  collisions.  The  defini- 
tion I  adopt  for  the  present  is  not  precisely  this,  but  is  chosen 
80  as  to  make  as  simple  as  possiole  the  statement  I  have  to 
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make  of  a  combination  of  the  results  of  Clausius  and  Maxwell 
Having  defined  the  radius  of  a  gaseous  molecule,  I  call  the 
double  of  the  radius  the  diameter ;  and  the  volume  of  a  globe 
of  the  same  radius  or  diameter  I  call  the  volume  of  the 
molecule. 

The  experiments  of  Cagniard  de  la  Tour,  Faraday,  Eegnault, 
and  Andrews,  on  the  conaensation  of  gases  do  not  allow  us  to 
believe  that  any  of  the  ordinary  gases  could  be  made  forty 
thousand  times  denser  than  at  ordinary  atmospheric  pressure 
and  temperature,  without  reducing  the  whole  volume  to  some- 
thing less  than  the  sum  of  the  volume  of  the  gaseous  molecules, 
as  now  defined.  Hence,  according  to  the  grand  theorem  of 
Clausius  quoted  above,  the  average  length  of  path  from  col- 
lision to  collision  cannot  be  more  than  five  thousand  times  the 
diameter  of  the  gaseous  molecule ;  and  the  number  of  mole- 
cules in  unit  of  volume  cannot  exceed  25,000,000  divided  by 
the  volume  of  a  globe  whose  radius  is  that  average  length  ot 
patL  Taking  now  the  preceding  estimate,  ttAtttt  of  a  centi- 
meter, for  the  average  length  of  path  from  colUson  to  collision, 
we  conclude  that  the  diameter  of  the  gaseous  molecule  cannot 
be  less  than  ■szTs-sisss'^  of  a  centimeter;  nor  the  number  of 
molecules  in  a  cubic  centimeter  of  the  gas  (at  ordinary  density) 
greater  than  6  X  10' '  (or  six  thousand  million  million  million)! 

The  densities  of  known  li(juids  and  solids  are  fix)m  five 
hundred  to  sixteen  thousand  tmies  that  of  atmospheric  air  at 
ordinary  pressure  and  temperature ;  and,  therefore,  the  number 
of  molecules  in  a  cubic  centimeter  may  be  from  8  X  10'  ♦  to 
10'  •  (that  is,  from  three  million  million  million  million  to  a 
hundred  million  million  million  million).  From  this  (if  we 
assume  for  a  moment  a  cubic  arrangement  of  molecules),  the 
distance  from  center  to  uearest  center  in  solids  and  liquids  may 
be  estimated  at  from  -j-^y^Jy^yy  to  tttfttthftttt  of  a  centimeteF. 

The  four  lines  of  argument  which  I  have  now  indicated, 
lead  all  to  substantially  the  same  estimate  of  the  dimensions  of 
molecular  structure.  Jointlj^  thev  establish  with  what  we  can- 
not but  regard  as  a  very  high  dfegree  of  probability  the  con- 
clusion that,  in  any  ordinary  liquid,  transparent  solid,  or  seem- 
ingly opaque  solid,  the  mean  distance  between  the  centers  of 
contiguous  molecules  is  less  than  the  hundred-millionth,  and 
greater  than  the  two  thousand-millionth  of  a  centimeter. 

To  form  some  conception  of  the  degree  of  coarse-grainedness 
indicated  by  this  conclusion,  imagine  a  rain  drop,  or  a  globe  of 
glass  as  large  as  a  pea,  to  be  magnified  up  to  the  size  of  the 
earth,  each  constituent  molecule  being  magnified  in  the  same 
proportion.  The  magnified  structure  would  be  coarser  grained 
than  a  heap  of  small  shot,  but  probably  less  coarse  grained  than 
a  heap  of  cricket-balls. 
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Abt.  VIL — Miscellaneous  Optical  Notices ;  by  Wolcott  GiBBS, 
M.D.,  Eumford  Professor  in  Harvard  University. 

§1- 

On  the  measurement  of  wave  lengths  by  means  of  indices  of  re- 
fraction,* 

In  a  brief  notice  f  communicated  to  the  British  Association 
for  the  Advancement  of  Science  at  its  meeting  in  1849,  Prof 
Stokes  has  given  a  method  for  measuring  wave  lengths,  which 
depends  upon  the  fact  that,  in  substances  of  medium  refractive 
power,  the  increment  of  the  index  of  refraction  in  passing  from 
one  point  of  the  spectrum  to  another  is  nearly  proportional  to 
the  increment  of  the  square  of  the  reciprocal  of  the  wave 
length.  The  author  showed  that  even  when  the  intervals  were 
taken  much  longer  than  necessair,  the  error  in  the  wave  length 
was  usaally  only  in  the  eighth  place  of  decimals.  At  the  date 
cf  the  pulmcation  of  this  notice  the  subject  of  wave  lengths 
possessed  but  little  interest  The  recent  development  of  the 
spectral  analysis  of  light  has  given  a  new  impulse  to  this  branch 
(n  optics,  and  has  rendered  necessary  the  construction  of  a 
nonnal  map  of  the  entire  solar  spectrum.  This  has  been  most 
saccessftilly  accomplished  by  Anffstrom,:}^  but  an  attentive  study 
of  his  wort,  as  wen  as  of  the  elalx)rate  researches  of  Van  der 
Willigen§  and  Ditscheiner,|  will  show  that  new  measurements 
will  be  far  from  superfluous.  The  imperfections  even  of  the 
best  ruled  glasses  are  so  great  that  it  may  be  reasonably  doubted 
whether  the  wave  lengths  of  very  fine  lines  can  be  satisfac- 
torily measured  directly.  Methods  of  determining  such  wave 
lengths,  depending  upon  the  comparison  of  the  refraction  and  dif- 
fraction spectra,  have  been  given  by  myself^f  and  by  Thalen.** 
As  it  seems  at  least  desirable  to  multiply  such  methods,  I  will 
here  give  first  a  discussion  of  the  metnod  of  Stokes  in  its  ons- 
ioal  form,  and  afi;erward  a  simplification  of  that  method  whicn 
will  also  have  its  uses. 

'  .  be 

If  Canchy's  formula  for  dispersion,   n=a  +  n  +  n  > 

*  Betd  before  the  National  Academy  of  Sdences,  April  12th,  1870. 
f  Report  of  the  BritiBh  AssodatioD  for  the  Advancement  of  Sdence  for  1849. 
Hotioes  and  abstracts,  p.  10. 

iRedierdiea  but  le  Spectre  Solaire.    Berlin,  1869. 
AiofaiTM  du  Hoa^  Teyler,  vd.  i,  p.  1. 
SiteangflbeiJohte  der  k.  k.  Akad.  der  Wiasensohaften  Bd.  1,  1864. 
ThiB  Journal,  xlyii,  Mardi,  1869. 
**  M^moire  sor  la  determination  des  longueurs  d'  onde  des  raies  m^talliques,  1 868. 
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be  reduced  to  its  two  first  terms,  and  if  we  then  eliminate  the 
constants  a  and  b  fi'om  three  equations  of  the  form 

we  shall  obtain  the  three  following  equations,  involving  only 
wave  lengths  and  indices  of  refraction : 

,1  = (f^I^^l) P  (2) 

'^S  1 

l\  = fy^^ (3) 

*a  1 

Of  these  ecjuations  (1)  and  (8^  serve  for  extrapolation  and  (2) 
for  interpolation.  To  test  the  aegree  of  accural  attainable  in 
determining  wave  lengths  by  these  formulas,  i  have  selected 
the  measurements  made  by  v  an  der  Willigen.*  The  indices  of 
rejfraction  determined  by  the  Dutch  physicist  are  in  fiust  the  only 
indices  which  are  at  once  sufficiently  exact  and  sufficiently  nTi> 
meroua  In  addition  they  have  the  great  advantage  of  having 
been  made  with  reference  to  lines  in  the  solar  spectrum  the  wave 
lengths  of  which  had  been  measured  by  the  same  observet 
There  can  therefore  be  no  question  of  identity.  As  a  first  ex- 
ample of  the  method,  I  give  a  determination  of  the  wave  length 
of  C,  taking  B  as  one  of  tiie  lines  exterior  to  C,  and  taking  in 
succession  7  other  exterior  lines  more  refiangible  than  C,  to 
combine  with  B.  Formula  (2)  was  therefore  employed,  and 
with  the  following  data  and  results : — 

B  1-61079  687-48 

C  1-61252  666-66 

D  1-61486  628-11  66670  +0-14 

11  1-61537  613-96  666-71  +0-15 

13  1-61560  610-62  656-56  O'OO 

14  1-61728  589-56  656-71  +015 

16  1-61978     561-80      656-76      +0*20 

17  1-62064     553-19      656-79      +0'23 
19   1-62143     545*83      656-87      +0-31 

Mean  of  the  errors        +0-17 

In  this  table  the  first  column  gives  the  designation  or  num- 
ber of  the  lines,  the  second  its  index  of  re&action,  as  deter- 
mined by  a  Steinheil  prism  of  60°,  the  third  the  corresponding 

*  Archives  da  Mus^  Teyler,  yoL  i,  p.  70. 


W.  0%bb9 — Aftscellaneoiu  Optical  Notices.  47 

• 
wave  length,  according  to  Van  der  Willigen,  and  the  fourth 
the  wave  length  as  found  hj  formula'  (2)  by  combining  B  with 
each  line  after  G  in  succession. 

The  mean  of  the  seven  values  of  the  wave  length  of  C  thus 
found  is  656-70,  which  is  in  excess  of  Van  der  Willigen's  own 
determination  of  the  value  of  C  by  0*14.  From  this  it  appears 
that  the  method  may  be  applied  with  a  tolerable  degree  of  ap- 
proximation, even  in  the  case  of  a  flint  glass  prism  of  high  dis- 
persive power,  and  for  indices  of  refraction  wnich  refer  to  lines 
at  considerable  angular  distances  from  each  other.  The  increase 
in  the  computed  values  of  C,  as  the  intervals  between  B  and 
the  second  line  of  comparison  are  increased,  will  however  clear- 
ly appear  from  the  table.  The  following  results  were  obtained 
with  the  indices  of  a  second  Steinheil  pnsm,  No.  2,  of  46°  52' 
25''-8,  also  of  flint  glass. 


B 

1-60521 

B  and  8a 

666*21 

—0*85 

C 

1-60694 

Band  11 

666*33 

—0*23 

8a 

1  •60872 

B  and  18 

656*31 

—0*25 

11 

1-60978 

B  and  16 

656*88 

-0-18 

18 

1-60998 

B  and  17 

656*47 

—0.09 

16 

1*61408 

11 

1*61496 

86 

1*68244 

467-00 

87 

1-63828 

488-68 

88 

1-63981 

484-28 

89 

1*68965 

482-74 

G 

1*64006 

481*12 

The  mean  of  which  is  656*28,  the  error  being  —0-28.  To  deter- 
mine to  what  extent  the  method  applies,  when  flint  glass  prisms 
are  used,  and  the  indices  are  selected  irom  the  more  refrangible 
portion  of  the  spectrum,  the  following  data  were  assumed : — 

F       1-62917       486-39       F  and  G  438-88  +0.80 

F  and  39  438*76  +018 

F  and  88  438*82  +0*24 

G  and  86  438*76  +0-18 

35  and  38  488*75  +0*17 

36  and  89  438*67  +0.09 

In  this  table,  line  37  is  taken  as  the  middle  line  in  applying 
formula  (2),  and  the  results  obtained  by  combining  the  other 
lines  in  pairs  are  given  in  columns  4,  5  and  6.  It  will  be  seen 
that,  as  m  the  case  of  the  less  refrangible  portion  of  the  spec- 
trum, the  results  obtained  are  with  this  prism  always  too  high. 
For  the  purpose  of  comparison,  I  have  computed  the  same  wave 
length  from  the  indices  of  refiwtion  of  the  second  prism.  The 
data  and  results  are  as  follows : — 

F        1*62882         486*89        F  and  G        489*07         +0*49 

86  1-62667         467*00        F  and  89        488*89        +0*81 

87  1*68221         488-58         F  and  38        438*92         +0*34 

38  1-68824         484*28         G  and  35        439*00         +042 

39  1*68868         432*74        85  and  88        438*89         +081 
G         1*68400         481*12        85  and  39        488*84         +0*26 
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In  the  case  of  the  first  prism  the  mean  of  the  errors  is  +0*21, 
while  for  the  second  the  mean  of  the  errors  is  -f-0'85.  From 
this  it  appears  that  in  the  more  refirangible  portion  of  the  spec- 
trum the  errors  are  considerably  greater  than  in  the  less  remtn- 
gible  portion,  even  for  equal  differences  of  wave  length,  and 
rarther,  that  the  advantage  in  precision  is  with  the  prism  hav- 
ing the  higher  dispersive  power.  As  the  probable  errors  of  the 
measurements  of  the  indices  of  refiraction  are  not  given,  it  is 
impossible  to  determine  to  what  extent  the  errors  in  the  compu- 
ted wave  lengths  are  due  solely  to  want  of  precision  in  the  in- 
dicea  It  is  also  to  be  remarked  that,  while  with  the  second 
prism  the  errors  in  the  less  relrangible  portion  of  the  spectrum 
are  affected  with  the  sign  — ,  in  the  more  refrangible  portion  they 
are  largely  positive.  The  close  agreement  in  the  value  of  the 
wave  length  of  37,  as  found  by  Van  der  Willigen,  with  the 
values  as  found  by  Ditscheiner  and  Angstrom — iS8'27  and 
438 '28 — proves  that  the  source  of  error  is  not  an  erroneous  de- 
termination of  this  quantity.  It  seems  therefore  certain  that  the 
nearly  constant  errors  noted  above  are  due  in  part  to  the  fiu5t 
that  the  indices  of  refraction  are  determined  only  to  five  places 
of  decimals,  and  in  part  to  the  high  dispersive  powers  of  the 
prisms  employed,  which  would  render  it  necessary  to  employ  more 
than  two  terms  in  Cauchy's  formula  to  obtain  a  closer  approxi- 
mation. As  the  formulas  for  interpolation  would  in  this  way  be 
rendered  extremely  complicated,  it  is  better,  in  the  case  of  any 
series  of  observations  embracing  a  particular  part  of  the  scale, 
simply  to  determine  the  mean  of  the  errors,  and  to  apply  this 
mean  with  its  proper  sign  to  the  computed  values  of  tne  pa^ 
ticular  wave  length  to  be  determined  by  the  measurement  of 
indices  of  refraction.  K  we  apply  sucn  a  correction  in  the 
cases  of  the  four  series  of  data  and  results  given  above,  we  find 
for  the  corrected  values  of  the  wave-lengths  the  following  nu- 
merical results :— 


(1) 

(2) 

(8) 

(4) 

656-53 

656'40 

438-67 

488-72 

656-54 

666-61 

438*65 

438-64 

656-38 

656-59 

438-61 

438-67 

666-54 

656-66 

438-66 

438-66 

666-59 

656-76 

438-54 

438-64 

656-62 

438-44 

438-49 

The  true  values  being  respectively  656-56  and  438-56.  These 
results  are,  I  think,  sufficient  to  show  that  a  valuable  control 
for  the  accuracy  of  measurements  of  wave  lengths  may  be  ob- 
tained even  when  prisms  of  high  dispersive  power  are  employ- 
ed, provided  that  the  intervals  taken  are  not  too  large.  It 
seems  at  least  probable  that  a  greater  degree  of  precision  is  at- 
tainable in  measuring  indices  in  the  case  of  substances  of  high 
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than  in  those  of  low  dispersive  power,  partly  because  the  angu- 
lar deviations  to  be  measured  are  larger,  and  partly  because  the 
spectral  lines  are  less  crowded  together. 

The  following  example  will  serve  to  illustrate  the  advantage 
of  taking  shorter  intervals : — 


Lines. 

A 

Indices. 

X 

Indicea 

25b 

518-63 

1-62459 

1-61882 

26 

siv-si 

1-62472 

517.61 

1-61895 

2Vi? 

517-07 

1-62479 

1-61901 

617-56 


The  data  are  here  also  taken  from  Van  der  Willigen's  meas- 
ures with  the  same  prisms. 

When  the  angular  distances  between  three  spectral  lines  are 
not  too  great,  the  angular  deviation  of  the  lines  may,  as  I  find, 
be  substituted  for  the  indices  of  refraction  in  formulas  (1),  (2) 
and  (3).  The  differences  between  the  angular  deviations  are  of 
course  to  be  converted  into  seconds.  The  following  results  will 
show  the  d^ree  of  accuracy  attainable  by  this  method,  the  data 
being  taken  from  Ditscheiner's^  measurements  of  the  indices  of 
a  flint  prism  by  Steinheil  of  refracting  angle  60°  4'  59". 

Kirdilioff's  scale.      X       Angular  deviations.  X  Indices.  X 

B       593       687-06       47°  40' 56"       1-6J368       

C       694       665-95       47°  51'  19"  655-97  1-61587  655.82 

..      877       613-57       48°    8'    8"       1-61824        

From  this  it  appears  that  the  error  in  the  determination  of 
the  wave-length  of  the  middle  line  C  is  only  -f-0-02  when  the 
aogolar  deviations  are  employed,  but  amounts  to  —  013  when 
the  indices  of  refraction  are  taken  as  the  elements  of  the  calcu- 
ktioiL     Yet  the  interval  between  B  and  877  is  very  large. 

The  following  data  are  taken  frx)m  another  part  of  the  scale, 
the  measurements  being  made  with  the  same  prism : — 

|[irciihoff *8  scale.       X      Angpilar  deviations.      X  Indices.  X 

b      1648-8       517-13       49°  4' 16"       1-62775  

1656-6       516-58       49°  4' 44"       516-56  1-62782  516-61 

1698-8       51408       49°  6' 47"       1-62817  

Hence  the  error  in  the  determination  of  the  wave  length  of 
1655-6  is,  when  the  angular  deviations  are  taken,  only  —0-02 
and  when  the  indices  are  taken  -f-0-03.  It  must  be  Dome  in 
mind  that  in  all  the  above  mentioned  examples  the  angles  are 
those  of  minimum  deviation.  As  the  numo^rs  upon  Kirch- 
Ik^'s  scale  also  represent  angular  though  not  minimum  devia- 
tfong,  it  seemed  worth  while  to  determine  how  far  for  a  short 
interval,  these  could  be  employed.  Taking  the  three  scale  nimi- 
bero  of  the  last  example,   the  error  in  the  wave-length  of 

^  Beatimmuiig  der  WeQenlaogen  der  Frftunhofersoheii  Linien  dee  Sozmen^Mc- 
toVBii  p.  43. 
IM.  Joam,  Sol— SsooxB  Sbribs,  Vol.  L,  No.  148.— July,  1870, 

4 


60  W.  Oihbs — Miscellaneous  ^ticai  Notices. 

1655*6  was  found  to  be  —  0*88,  and  when  the  scale  numbers 
were  taken  as  the  sines  or  tangents  of  corresponding  angles, 
4-0-09. 

The  following  data  are  taken  from  the  more  refrangible  part 
of  the  spectrum,  the  measurements  being  also  those  of  Ditscb- 
einer,  and  made  with  the  same  prism : — 

2822-8      433.34       50°  34' 67"       1*64287       

G   2864-'7      430-88       60°  37' 52"      430*68       1-64334       430-83 
2969-7      429*90      50°  38' 47"       1-64362       

In  this  case  the  error  in  the  wave-length  of  the  middle  line, 
2854-7,  is  —0*20,  as  determined  from  the  angular  deviatioDS, 
and  —0*05,  as  determined  from  the  indices.  It  must  be  borne 
in  mind  that,  in  this  part  of  the  spectrum,  the  determination 
both  of  wave  lengths  and  of  indices  of  refraction  is  difficidt  on 
account  of  the  feeble  intensity  of  the  light 

Since  only  the  differences  between  the  angular  deviations  of 
the  spectral  lines  are  employed  in  the  formulas  above  given,  it 
follows  that  in  determining  wave  lengths  by  the  method  in 
question,  it  is  not  necessary  to  employ  a  spectrometer  with  a 
oivided  circle  and  appliances  for  the  measurement  of  large 
angles.  A  common  spectroscope  will  be  sufficient,  if  the  od- 
serving  telescope  be  provided  with  a  filar  micrometer  by  means 
of  which  the  an^lar  distances  of  any  given  line  worn,  two 
other  lines  of  which  the  wave  lengths  are  Known  may  be  meas- 
ured. The  researches  of  Angstrom  leave  nothing  to  be  de- 
sired as  regards  the  wave-lengths  of  standard  lines,  and  the 
method  given  may  prove  a  convenient  means  of  determining 
with  aU  requisite  precision  the  wave  lengths  of  metallic  linea 

§2. 

On  liquids  of  high  dispersive  power. — Of  the  liquids  which  have 
hitherto  been  proposed  for  the  construction  of  prisms,  bisulphid 
of  carbon  unquestionably]  presents  the  greatest  advantages.  It 
is  cheap,  colorless,  and  unites  a  moderately  high  mean  refitwtivc 
to  a  very  high  dispersive  power.  By  tacit  consent  a  prism  of 
60°  fiUea  with  this  liquid  has  come  to  be  adopted  as  a  sort  of 
standard.  The  disadvantages  of  the  bisulphid  are  equally  wdl 
known,  and  I  have  spent  no  little  time  and  labor  in  the  en- 
deavor to  find  a  liq^uia  with  a  still  higher  dispersive  power,  leas 
volatile,  less  sensitive  optically  to  changes  of  temperature,  and 
less  offensive  in  odor.  In  these  efforts  I  have  not  been  alto- 
gether successful,  no  one  liquid  examined  possessing  all  the 
qualities  desired.  Many  organic  liquids  witn  high  (uspersive 
powers  are  difficult  to  prepare  in  a  state  of  purity  and  speedily 
become  discolored  by  absorption  of  oxygen  from  the  air.  Suci 
ore  oil  of  cassia,  the  colorless  oil  obtainable  from  balsam  of 
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?eru  and  others.  The  thallic  alcohol  of  Lamy*  is  fer  too 
»Bdy.  The  solution  of  silico-tungstate  of  sodium,f  of  meta- 
nin^tate  of  sodium  %  aod  of  soluble  tungstic  acid  §  as  obtained 
by  dialysis,  all  promised  good  results  from  their  extraordinary 
densities,  but  aU  proved  aifl&cult  to  prepare  in  a  state  of  purity 
and  extremely  easy  of  decomposition. 

A  solution  of  phosphorus  in  bisulphid  of  carbon  has,  accord- 
ing to  Messrs.  Dale  and  Gladstone,]  a  dispersion  of  0*225,1^  or 
nearly  one  and  a  half  times  as  great  as  bisulphid  of  carbon 
alone,  but  becomes  turbid  on  exposure  to  sunlisht  from  the  for- 
mation of  amorphous  phosphorus.  It  occurred  to  me,  that,  by 
di^olving  sulphur  with  the  phosphorus,  the  formation  of  amor- 
phous phosphorus  might  be  prevented,  and  experiment  proved 
that  this  was  the  case.  The  solution,  as  thus  obtained,  has  a 
pale  yellow  color,  but  is  perfectly  clear  and  undergoes  no  change 
oy  the  action  of  light  even  when  long  continued.  I  have  been 
in  the  habit  of  preparing  it  by  dissolvmg  one  part  of  dry  flowers 
of  sulphur  and  two  parts  of  phosphorus,  in  four  or  five  parts  of 
bisulphid  of  carbon,  and  filtering  the  liquid  through  a  well 
dried^  ribbed  paper  filter,  which  is  easily  done.  The  refractive 
and  dispersive  power  of  the  solution  will  of  course  vary  with 
the  quantity  of  phosphorus  and  sulphur  dissolved.  By  a  gentle 
heat  the  whole,  or  nearly  the  whole,  of  the  bisulphid  of  car- 
bon may  be  driven  ofi^,  a  liquid  compound  of  sulphur  and  phos- 
phorus remaining  which  has  so  high  a  mean  refractive  power 
that  it  cannot  be  employed  with  prisms  having  a  refractive  angle 
of  more  than  45°-50°.  The  same  end  may,  however,  also  De 
attained  bv  continually  adding  phosphorus  to  a  saturated  solu- 
tion of  sulphur  in  bisulphid  of  carbon,  in  which  phosphorus 
appears  to  oe  soluble  witnout  limit 

With  a  strong  and  probably  saturated  solution  of  sulphur  in 
CS,  the  angle  between  Li  ana  D  was  0°  50'  10".  When  phos- 
phorus was  added  the  angle  was  2°  25'  30",  the  refracting  angle 
of  the  prism  being  60**.  in  this  last  case  the  angle  between  Na , 
and  Na,  was  0  2'  20".  The  spectrum  was  perfectly  clear, 
the  definition  of  the  dark  lines  leaving  nothing  to  be  desired. 
In  consequence,  however,  of  the  yellow  color  of  the  liquid  there 
18  always  a  marked  absorption  of  the  violet  end  of  the  spectrum. 

In  working  with  the  above  described  solution  I  have  em- 
ployed hollow  glass  prisms  with  refracting  plates  cemented  on 
witn  a  mixture  of  glue  and  molasses.     These  were  found  to 

^.inn.  de  Chimie  et  de  PhfBique,  4th  seriea,  vol.  iii,  p.  373. 

I  Add.  de  Ohimie  et  de  Physique,  4th  series,  vol.  iii,  p.  6. 
Sdieibler  in  Journal  fiir  prakt  Chimie,  Ixzxiii,  p  273. 
Oraham  in  Journal  of  the  Chemical  Society,  yoI.  ii,  p.  318 
Lu  and  £.  FhlL  Mag.,  yoL  xriii,  p.  30. 
[The  number  0*226  is  the  difference  between  the  indices  for  the  extreme, red 
and  riolet  rays. 
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be  perfectly  tight  and  to  last  for  months  without  chaoga 
The  great  disadvantage  in  the  use  of  a  solution  of  sulphur 
and  phosphorus  consists  in  the  danger  of  breaking  the  prisms; 
the  liquia  taking  fire  spontaneously  when  it  has  been  a  few 
seconds  in  contact  with  any  porous  material  like  wood  or 
paper.  On  the  other  hand,  however,  the  large  quantity  of  sul- 
phur present  prevents  the  fire  from  spre^dmg,  a  drop  placed 
upon  apiece  of  wood  leaving  after  combustion  only  a  charred 
spot  W  hen  not  in  use  the  prisms  should  be  kept  in  an  iron 
pot  with  a  tight  cover.  In  this  manner  I  have  employed  and 
preserved  two  during  a  lony;  and  hot  summer.  The  viscid,  or 
rather  oily,  nature  of  the  solution  serves  to  prevent,  to  a  grett 
extent,  the  formation  of  ascending  and  descendmg  currents  from 
slight  changes  of  temperature,  and  when  the  prisms  are  well 
shaken  before  use  the  definition  remains  perfect  for  a  lon^  time 
In  my  spectroscope  the  prisms  rest  upon  a  plate  of  glass  instead 
of  upon  one  of  metal. 

§3. 
On  an  advantageoits  farm  of  apparatus  for  the  study  of  the  ab- 
sorption of  light  in  colored  liquids. 

In  his  examination  of  the  spectra  of  colored  fluids,  Mr.  Glad- 
stone employed  a  hollow  wedge  of  glass,  the  two  refiracting  sur- 
feces  of  which  made  with  each  other  an  acute  angle.  The 
wedge  was  filled  with  the  liquid  to  be  studied  and  so  placed 
that  the  refracting  edge  of  the  analyzing  prism  was  at  right 
angles  to  the  line  of  intersection  of  the  two  faces  of  the  we^e 
In  this  maimer  a  beam  of  light  was  obtained  which  represented 
different  thicknesses  of  the  absorbing  liquid,  and  the  resulting 
spectrum  became  a  complete  absorption  diagram.  In  using 
this  apparatus  I  found  the  angular  deviation  produced  by  the 
wedge  a  source  of  considerable  inconvenience.  In  addition  it 
is  easy  to  see  that  the  wedge  itself  produces  a  certain  amount  of 
chromatic  dispersion.  To  remedy  these  defects  and  at  the  same 
time  retain  the  advantages  of  the  method,  I  have  devised  what 
may  be  termed  a  double  wedga  Two  hollow  wedges,  of  glass 
or  metal,  are  placed  together  in  such  a  manner  that 
the  first  and  fast  surfaces  of  the  bounding  plates  of 
glass  are  parallel  The  two  wedges  are  separated 
by  a  single  plate  of  glass  with  parallel  surfaces. 
l*he  base  of  each  wedge,  or  acute-angled  prism,  is 
bored  for  the  insertion  of  a  cork  or  stopper.  The 
construction  of  the  apparatus  will  be  readily  un- 
derstood from  the  diagram.  In  using  it  witii  a  col- 
ored aqueous  solution  one  of  the  hollow  prisms,  or 
wedges,  is  to  be  filled  with  distilled  water,  the 
other  with  the  aqueous  solution  to  be  examined.  The  inoidfiDl 
beam  of  sunlight  is  then  allowed  to  fell  perpendicularly  upoa 
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either  surface,  and  the  slit  of  the  spectroscope  is  placed  so  as 
to  be  perpendicular  to  the  two  lines  of  intersection  of  the  three 
refracting  plates  of  the  double  wedge.  In  this  manner  a  com- 
plete absorption  diagram  is  obtained  by  the  various  thicknesses 
of  the  liquid  examined.  For  substances  soluble  in  alcohol, 
ether,  &a,  one  of  the  hollow  wedges  must  be  filled  with  the  col- 
orless solvent,  whatever  be  its  nature.  By  this  means  all  angu- 
lar deviation  and  prismatic  dispersion  are  avoided,  as  the  color- 
ing matter  does  not  sensibly  change  the  refractive  power  of  the 
liquid  in  which  it  is  dissolved,  and  the  incident  beam  passes 
through  without  change  in  direction.  In  my  apparatus  the 
wedges  have  acute  angles  of  about  15°.  This  I  find  to  be  ^uite 
sufficient  for  most  purposes,  as  it  is  easy  to  increase  or  diminish 
the  quantity  of  substance  dissolved.  When  it  is  wished  to  ex- 
amine the  absorption  produced  by  a  definite  thickness  of  liquid 
or  by  different  tnicknesses  in  succession,  the  double  wedge  is  to 
be  so  placed  that  the  slit  of  the  spectroscope  shall  be  parallel 
to  the  lines  of  intersection  of  the  faces  of  the  wedges.  By  mov- 
ing the  wedge  to  one  side  or  the  other  all  thicknesses  of  liquid, 
from  0  to  the  m'aximum,  obtainable  with  the  apparatus  used, 
may  be  successively  examined. 

§4- 
On  tests  for  the  perfection  and  parallelism  of  play  ie  surfaces  of  glass. 

When  a  plano-convex  lens  of  long  radius  of  curvature  is 
placed  upon  a  plane  surface  of  glass  and  the  system  is  illumina- 
ted by  an  obliquely  incident  beam  of  monocnromatic  light  as, 
for  example,  by  a  sodium  flame,  the  well  known  phenomenon  of 
Newton's  rings  is  observed  with  remarkable  distinctness  and  per- 
fection of  definition.  The  symmetry  of  the  rings  will  depend, 
in  part,  on  the  perfection  of  ngure  oi^  the  lens,  in  part  on  that  of 
the  plane  surface.  An  extremely  minute  deviation  from  a  per- 
fect plane  will  produce  a  marked  distortion  of  the  circular 
figure  of  the  ring  nearest  the  center.  That  this  distortion  is,  or 
is  not  due  to  the  lens  may  be  determined  by  rotating  the  lens 
round  its  optical  axis  normal  to  the  plane.  No  change  of  figure 
will  be  seen  if  the  lens  is  perfect  in  form  and  the  inequality  is 
in  the  plane  surface  only.  Different  parts  of  the  plane  surmce 
may  of  course  be  tested  in  succession,  by  moving  the  lens  from 
point  to  point,  and  if  necessary  the  rings  may  be  observed  with 
a  telescope. 

Prof  Kood,  of  New  York,  has  suggested  for  the  observation 
of  Newton's  rings  a  method  which  permits  of  the  employment  of 
a  lens  of  comparatively  small  radius  of  curvature  and  a  micro- 
scopcL  In  his  arrangement  the  lens  and  plate  of  glass  are  placed 
upon  the  stage  of  the  microscope,  the  light  from  beneath  be- 
ing cut  off,   and  monochromatic  light  is  then  thrown  down 
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upon  the  system  by  means  of  a  plate  of  glass  with  parallel  sur- 
faces inclined  to  the  axis  of  the  microscope  at  a  convenient 
angle  and  placed  between  the  objective  and  the  plano-convex 
lens.  In  this  manner  the  rings  are  seen  with  great  distinctness 
and  beauty,  and  the  arrangement  is  particularly  compact  and 
convenient 

The  interference  bands  of  Talbot  afford  a  method  not  merely 
of  observing  with  great  precision  the  inequalities  of  surface  and 
want  of  parallelism  of  the  faces  of  plates  of  glass,  but  also  of 
photographing  these  defects  and  obtaining  a  permanent  chart 
of  the  glass  which  may  be  of  material  assistance  in  correcting 
its  figura  It  is  only  necessary  for  this  purpose  to  place  the 
glass  to  be  examinea  near  to  the  object  glass  of  the  collimator 
and  perpendicular  to  its  axis,  so  as  to  intercept  that  half  of  the 
bundle  of  parallel  rays  which  falls  upon  the  first  surface  of  the 
first  prism  nearest  its  refracting  edge.  If  the  plate  has  per- 
fectly plane  and  parallel  surfaces  the  interference  bands  will  be 
sharply  defined  and  parallel  in  the  whole  field  of  view.  The 
slightest  inequality  of  surface,  or  inclination  of  the  faces,  will 
produce  curvatui*e  or  distortion  of  the  bands,  and,  if  the  eye- 
piece of  the  observing  telescope  be  removed,  the  image  may  be 
received  on  a  sensitive  plate  and  photographed.  The  number 
of  prisms  to  be  employed  in  a  particular  case  will  depend  upon 
the  thickness  of  the  plate  of  glass  examined  and,  in  general  terms, 
upon  its  dispersive  power.  For  a  piece  of  French  plate  glass 
four  millimeters  in  thickness,  two  bisulphid  of  carbon  prisms  of 
60°  must  be  used  to  produce  a  suflScient  separation  of  the  inter- 
ference bands  to  enable  them  to  be  seen  distinctly.  More 
prisms  must  be  used  for  thicker  plates  and  in  this  way  a  limit 
IS  soon  reached  at  which  the  method  ceases  to  be  applicable. 

Cambridge,  May  Ist,  18T0. 


Art.  VIIL — On  the  Occurrence  of  a  Peat  bed  beneath  Deposits  of 

Drift  in  Scuthwestem  Ohio, 

A  BED  of  peat  has  lately  been  found  one  mile  east  of  Ger- 
mantown,  Montgomery  county,  Ohio,  and  twelve  miles  west  of 
south  from  Dayton — in  the  occurrence  and  connections  of  which 
there  are  several  facts  of  unusual  interest. 

It  lies  in,  and  directly  above,  the  channel  of  Twin  creek,  a 
tributary  of  the  Miami  river.  The  general  course  of  the  creek 
is  southeasterly,  but  just  above  the  point  where  the  peat  bed  is 
exposed,  it  has  made  a  sudden  change  in  direction  from  east  to 
west  of  south.  Its  northern  and  eastern  banks  for  ^  of  a  mile 
in  each  direction  from  the  point  of  deflection,  are  precipitous 
walls  of  stratified  ^lay  and  gravel,  from  50  to  100  feet  in  thick- 
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ness ;  kept  nearly  vertical  by  the  constant  undermining  action 
of  the  streanL 

Beneath  these  heavy  deposits  and  occupying  40  rods  of  the 
east  bank  of  the  creek,  the  peat  bed  is  found,  varying  in  thick- 
ness, in  different  portions  of  its  extent,  from  12  to  20  feet  The 
amount  of  the  bed  that  is  exposed  depends  iipon  the  stage  of 
water  in  the  stream.  The  stream  is  bedded  for  10  or  15  rods 
upon  the  peat,  but  in  deeper  portions  of  the  channel,  upon  the 
eastern  bank,  an  underlying  formation  of  gravel  can  be  detected. 
The  uppermost  layers  of  the  peat  contain  imdecomposed  sphag- 
nous  mosses,  grasses  and  seages,  but  in  other  portions  of  the 
bed,  the  vegetable  structure  is  generally  indistinct,  with  the  ex- 
ception of  abundant  fragments  of  coniferous  wood,  which  in 
many  instances  can  be  identified  as  Red  Cedar  {Juniperus  vir- 
ginianus).  At  the  southern  extremity  of  the  bed  in  particular, 
there  is  a  great  accumulation  of  wood,  in  trunks,  roots,  branches 
and  twigs,  much  of  which  has  been  flattened  by  the  pressure  of 
the  80  feet  of  clay  and  gravel  that  overlie  it  Branches  that 
were  originally  two  inches  in  diameter  now  afford  lenticular  sec- 
tions with  no  more  than  a  i  inch  for  the  shorter  axis,  while  many 
of  the  smaller  stems  have  been  compressed  into  ribbons.  The 
berries  of  the  cedar  are  abundant  in  the  upper  layers  of  the 
peat  At  a  point  ^  mile  higher  up  the  stream,  trunts  of  cedar 
nearly  two  feet  in  diameter,  have  been  taken  from  beneath  these 
same  drift  beds  and  turned  to  account  for  fencing  posta 

There  are  indications  that  the  peat  bed  has  a  considerable  ex- 
tent to  the  northward  and  eastward.  A  bed  of  "  black  earth  " 
was  found  underlying  clay  and  gravel  in  digging  a  well  If 
miles  east  of  this  locality.  The  bed  occurred  at  a  depth  of  30 
feet  and  was  itself  from  10  to  15  feet  in  thickness.  The  waters 
of  springs  in  the  same  neighborhood  are  discolored,  as  if  by 
contact  with  such  deposits. 

It  may  be  added  in  this  connection  that  there  is  a  large 
amount  of  wood  buried  beneath  the  drift  throughout  this  region 
generally.  It  is  not  a  circumstance  of  infrequent  occurrence  to 
meet  with  it  in  the  digging  of  wella  There  is  scarcely  a  square 
mile  in  the  thickly  settled  portions  of  the  adjacent  country  in 
which  instances  of  this  kind  can  not  be  found,  and  three  in- 
stances are  on  record  within  the  limits  of  a  single  village. 

The  wood  is  in  great  part  coniferous,  but  not  exclusively  so ; 
for  according  to  the  testimony  of  intelligent  find  observing,  prac- 
tical men  who  deem  themselves  entirely  competent  to  give  a 
judgment  in  the  case,  ash,  hickory  and  sycamore,  together  with 

ipe-vines  and  beech  leaves,  have  been  found  covered  with 

ift  deposits. 

A  stratum  of  soil,  one  or  two  feet  in  thickness  is  often  asso- 
ciated with  these  vegetable  remains.     The  soil  and  the  wood 


56  Peat  bed  beneath  Drift  in  Southwestern  Ohio. 

occur  at  various  depths,  but  in  the  cases  already  noted,  between 
the  limits  of  10  feet  and  90  feet  A  large  proportion,  however, 
of  the  instances  on  record,  have  been  found  at  about  80  feet  in 
depth,  immediately  beneath  the  yellow  clays  that  constitute 
the  last  of  the  drift  series  in  this  region. 

Through  all  portions  of  the  peat  above  mentioned,  sand  and 
pebbles  are  scattered.  The  pebbles  are  mostly  of  small  size, 
seldom  larger  than  a  pea,  but  occasionally  three  or  four  inches 
in  diameter.  They  agree  in  general  character  with  the  gravel 
of  the  country. 

At  the  lower  extremity  of  the  peat  bed,  the  formation  thins 
out  and  the  bottom  layers  are  found  above  the  water,  resting 
upon  a  surface  of  gravel  that  slopes  downward  at  an  angle  of 
about  30  degrees.  All  the  limestone  pebbles  which  the  peat 
overlies  at  this  point,  appear  to  have  been  "  burned."  They  are 
white  and  soft,  as  much  so  as  they  would  have  been  if  they  had 
been  converted  into  hydrates  of  lime  by  the  ordinary  processe& 
Analysis,  however,  shows  them  to  be  in  the  state  of  carbonates. 

In  the  inclined  strata,  heavy  beds  of  ochreous  gravel  occur. 
The  ochre  is  easily  separated  from  the  gravel  by  washing  and 
funlishes  a  marketable  paint  of  fair  quality.  The  nature  and 
arrangement  of  the^naterials  of  these  inclined  beds  indicate  that 
they  were  brought  from  the  eastward  by  a  torrent-like  stream 
and  deposited  over  a  precipitous  bank. 

In  pockets  of  the  gravel  and  also  in  the  clay  that  immediately 
covers  the  peat,  small  quantities  of  vivianite,  "blue  earth,"  or 
phosphate  of  iron,  are  found.  From  one  of  the  largest  accu- 
mulations of  this  substance,  a  tusk  or  tooth  was  taken.  It  was 
described  as  resembling  a  hog's  tusk,  except  that  it  was  much 
larger.  It  may  also  be  added  that  two  mastodon  tusks,  each 
measuring  eight  feet  in  length,  were  taken  in  the  spring  of 
1870,  from  the  northern  part  of  the  same  drift  bed  to  which  the 
peat  belongs  and  at  about  the  same  level 

The  reference  of  the  phosphoric  acid  of  the  vivianite  tq  ver- 
tebrate bones  will,  therefore,  hardly  be  questioned. 

From  the  above  named  fects,  we  seem  warranted  in  conclud- 
ing that  the  coniferous  wood  in  question  grew  in  the  region 
where  we  find  it  buried.  The  amount  of  the  wood  renders  this 
probable  and  the  nature  of  the  remains  forbids  any  other  sup- 

J)osition.  In  this  connection,  it  is  only  needful  to  recall  the 
iacts,  that  cedar  berries  in  notable  quantity,  and  that  branching 
twigs,  the  veriest  spray  of  the  cedar,  sometimes  still  coverea 
with  bark,  are  well  preserved  in  the  peat 

We  learn  ftirthermore  that  the  date,  at  which  this  vegetation 
grew,  was  in  the  closing  or  Champlain  epoch  of  the  Drift  period, 
lor  it  is  underlain  by  stratified  drift  deposits.  A  subsidence  of 
the  continent  below  its  present  level  had  already  occurred,  dur- 
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ing  which  these  underlying  beds  were  formed,  but  there  would 
seem  to  have  been  a  restoration  of  this  southern  border  of  the 
drift-swept  r^on  at  least,  to  dry  land  once  more,  and  this  res- 
toration must  have  continued  through  a  period  of  considerable 
length.  It  wa3  followed  by  another  movement  of  depression, 
during  which  the  highest  of  the  yellow  clays,  the  latest  forma- 
tion of  the  drift,  were  deposited-  There  seem  materials  in  this 
line  of  facts  for  a  more  orderly  division  of  the  later  formed  de- 
posits of  the  post-tertiary  than  has  heretofore  been  recognized. 

We  also  learn  that  manmialian  life  was  avssociated  with  this 
intercalated  period  of  vegetable  growth.  The  mammoth  and 
the  mastodon  subsisted  on  the  coniferous  wood  which  is  repre- 
sented so  largely  here.  The  scries  of  changes  in  level  already 
referred  to,  must  have  exterminated  these  earlier  representatives 
of  elephantine  life,  but  we  find  the  same  species  returning  to 
their  old  dwelling  places  when  the  waters  of  the  drift  seas  had 
finally  abated. 


Abt.  IX.  —  On  the  Theoretical  Temperature  of  tfie  Sun  ;  under 
the  Hypothesis  of  a  Oaseous  Mass  maintaining  its  Volume  by  its 
Internal  Heatj  and  depending  on  the  Laws  of  Oases  as  known 
to  Terrestrial  Mcperiment;  by  J.  Homer  Lane,  Washing- 
ton, D.  C. 

[Read  before  the  National  Academy  of  Sciences  at  the  session  of  April  13-1 6, 1869.] 

Many  years  have  passed  since  the  suggestion  was  thrown  out 
by  Helmholtz,  and  afterwards  by  others,  that  the  present  vol- 
ume of  the  sun  is  maintained  by  his  internal  heat,  and  may  be- 
come less  in  time.  Upon  this  hypothesis  it  was  proposed  to 
account  for  the  renewal  of  the  heat  radiated  from  the  sun,  by 
means  of  the  mechanical  power  of  the  sun's  mass  descending 
toward  his  center.  Calculations  made  by  Prof  Pierce,  and  1 
believe  by  others,  have  shown  that  this  provides  a  supply  of 
heat  far  greater  than  it  is  possible  to  attnbute  to  the  meteoric 
theory  of  Prof  Wm.  Thomson,  which,  I  understand,  has  been 
abanaoned  by  Prof  Thomson  himself  as  not  reconcilable  with 
astronomical  £Eu;ts.  Some  years  ago  the  question  occurred  to  me 
in  connection  with  this  theory  of  Helmholtz  whether  the  entire 
mass  of  the  sun  might  not  De  a  mixture  of  transparent  gases, 
and  whether  Herschers  clouds  might  not  arise  from  the  precipi- 
tation of  some  of  these  gases,  say  carbon,  near  the  surface,  with 
their  revaporization  when  fallen  or  carried  into  the  hotter  sub- 
jacent layers  of  atmosphere  beneath ;  the  circulation  necessary 
for  the  play  of  this  Espian  theory  being  of  course  maintained 
by  the  constant  disturbance  of  equilibrium  due  to  the  loss  of 
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heat  bv  radiation  from  the  precipitated  clouds.  Pro£  Espy's 
theon'  of  storms  I  first  became  acquainted  with  more  than 
twenty  years  ago  from  lectures  delivered  by  himself  and,  origi- 
nal as  I  suppose  it  to  be.  and  well  supported  as  it  is  in  the  phe- 
nomena of  terrestrial  meteorology,  1  have  long  thought  that 
Prof  Espy's  labors  desen'e  a  more  general  recognition  than  they 
have  received  abroad-  It  is  not  surprising,  therefore,  in  a  time 
when  the  constitution  of  the  sun  was  exciting  so  much  discus- 
sion, that  the  above  suggestions  should  have  <x;curred  to  my- 
self before  I  became  aware  of  the  very  similar,  and  in  the  main 
identical,  views  of  Prof  Faye,  put  forth  in  the  Comptes  Kendus. 
I  sought  to  determine  how  far  such  a  supposed  constitution  of 
the  sun  could  be  made  to  connect  with  the  laws  of  the  gases  as 
known  to  us  in  terrestrial  experiments  at  common  temperatures 
Some  calculations  based  upon  conjectures  of  the  highest  temper- 
ature and  least  density  thought  supposable  at  the  sun's  photo- 
sphere led  me  to  the  conclusion  that  it  was  extremely  difficult, 
if  not  imjxjssible,  to  make  out  the  connection  in  a  credible 
manner.  Nevertheless,  I  mentioned  my  ideas  to  Prof  Ilenrv, 
Secretarv  of  the  Smithsonian  Institution,  when  he  immediately 
referred  me  to  a  number  of  the  Comptes  Rendus,  then  recently 
received,  containing  Faye  s  exposition  of  his  theory.  Of  course 
nothing  is  further  from  my  purpose  than  to  make  any  kind  of 
claim  to  any  thing  in  that  publication.  After  becoming  ac- 
quainted with  his  labors  I  still  regarded  the  theory  as  seriously 
lacking,  in  its  physical  or  mechanical  aspect,  the  direct  support 
of  confirmatory  observations,  and  even  as  being  subject  to  grave 
difficulty  in  that  direction.  In  this  attitude  I  allowed  the  sub- 
ject to  rest  until  my  friend  Dr.  Craig,  in  charge  of  the  Chemical 
Laboratory  of  the  Surgeon  General's  office,  without  any  knowl- 
edge of  Faye's  memoir,  or  of  my  own  suggestions  previously 
made  to  Prof  Henry  and  another  scientific  friend,  fell  upon  the 
same  ideas  of  the  sun's  constitution,  availing  himself,  precisely 
as  I  had  done,  of  Espy  s  theory  of  storms.  Dr.  Craig  s  ideas 
were  communicated  to  a  company  of  scientific  gentlemen  early 
last  spring,  and  soon  after,  Prof  ifewcomb,  of  the  U.  S.  Naval 
Observatory,  entered  into  a  general  sun^ey  of  the  nebular  hy- 
pothesis, these  communications  of  Dr.  Craig  and  Pro£  New- 
comb  led  me  to  enter  into  a  renewed  examination  of  the  me- 
chanical embarrassment  under  which  I  had  believed  the  theory 
to  labor.  Not  any  longer  relying  on  my  first  rough  estimate 
based  on  assumed  high  temperatures  at  the  photosphere,  the 
question  was  now  inverted.  Assuming  the  gaseous  constitution, 
and  assuming  the  laws  expressed  in  Poisson's  formulas,  known 
to  govern  the  constitution  of  gases  at  common  temperatures  and 
densities,  what  shall  we  find  to  be  the  temperatures  and  densi- 
ties corresponding  to  the  observed  volume  of  the  sun  supposing 
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it  were  composed  of  some  known  gas  such  as  hydrogen,  or  sup- 
posing it  to  oe  composed  of  such  a  mixture  of  gases  as  would  be 
represented  by  common  air.  Pure  hydrogen  will,  of  course, 
give  us  the  lowest  temperature  of  all  Known  substances,  under 
the  general  hjrpothesis. 

The  question  was  resolved,  and  the  results  were  communica- 
ted in  graphical  and  numerical  form  in  May  or  June  last  to  two 
or  three  scientific  friends,  but  their  publication  has  been  delayed 
by  an  unavoidable  absence  of  several  months  from  home. 

Premising  that  the  unit  of  density  shall  correspond  to  a  unit 
of  mass  in  the  cube  of  the  unit  of  length,  the  unit  of  force  to 
the  force  of  terrestrial  gravity  in  the  unit  of  mass,  and  the  unit 
of  pressure  or  elasticity  in  the  gas  to  the  unit  of  force  on  a 
surmce  equal  to  the  square  of  the  unit  of  length  : 

Let  r=the  distance  of  an  element  of  the  sun^s  mass  from  the 
sun*s  center, 
^=the  temperature  of  the  element, 
<^^=its  atmospheric  subtangent,  referred  to  the  force  of 
gravity  at  the  earth^s  surface,  or  height  of  the  column 
of  homogeneous  gas,  whose  terrestrial  gravitating  force 
would  equal  its  elasticity, 
^=its  density,  or  mass  of  its  unit  volume, 
= force  of  terrestrial  gravity  in  its  unit  volume, 
^a^=its  elasticity,  or  elastic  force  per  unit  surface, 
J?=the  earth's  radius, 
J/=the  earth's  mass, 

7n=the  mass  of  the  part  of  the  sun's  body  contained  in 
the  concentric  sphere  whose  radius  is  r, 

M  r^ 

— ^^  o  t=  the  subtangent  of  the  gas  under  its  actual  gravitat- 
ing force  in  the  sun. 
The  condition  of  equilibrium  between  the  gravitating  force 
of  a  thin  horizontal  layer  of  gas  whose  thickness  is  dr,  and  the 
diflFerence  of  elastic  force  between  its  lower  and  upper  suriiaces, 
is  expressed  by  the  equation. 

Under  the  hypothesis  that  the  law  of  Mariotte  and  the  law 
of  Poisson  prevail  throughout  the  whole  mass,  and  that  this 
mass  is  in  convective  equilibrium,  we  have 

(y=a  constant,  (1) 

t=t,  f*-«  * 

t[  representing  the  value  of  t  in  the  part  of  the  mass  where  the 
density  is  a  unit. 
The  theoretical  difficulties  which,  if  the  supply  of  solar  heat 

,  *  h  represents  the  ratio  of  the  specific  heat  of  a  gas  under  constant  pressure  to 
^  specific  heat  under  constant  volume. 
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it  has  in  common  air,  and  i=l-|,  which  is  the  maximnm  pos- 
sible value  it  can  have  in  the  light  of  Clausius'  theory  of  the 
constitution  of  the  gases.     The  calculation  of  the  curve  of 

9  /  9  \*~* 

,  or  of  (—1     ,  b^ins  at  the  sun's  center  where  x=0.    For  the 

small  values  of  x,  integration  by  series  enables  us  readily  to 
deduce  from  equations  (6)  and  (7)  the  following  approximate 
numerical  equations : 

For  4=1 -4, 
f=ii^^-i)i^'+^h^'-Tilh^^+  Ac.  (8) 

l-(^)'^=4«^--A«*-hrAij««--T^Sft^  Ac.   (9) 

For  *=1|, 
/u=^3_^5_|.y^7  -  ^W«'+  Ac.  (10) 

^-(lf==^i^'-ih^^+T^jj^'-i,Thri^'+  Ac.  (11) 

For  larger  values  of  x,  until  (— )  becomes  sufficiently 
small  as  there  is  no  need  of  great  precision  in  these  calcula- 
tions, I  have  merely  developed  the  values  of  /"  and  |— J 

corresponding  to  x=ll,  x=l'2,  «=1'8,  &a,  by  means  of  dif- 
ferences taken  from  the  differential  co-efficients  at  the  middle  of 
each  increment  of  a:,  and  for  the  same  reason  have  thought  it 
sufficient  to  begin  with  x=l,  in  equations  (8)  and  (9)  or  (10) 

and  (11).     After  arriving  at  a  sufficiently  small  value  of  I  — J 

Ae  calculation  is  finished  by  aid  of  the  following  approximate 
equations  also  derived  by  integration  fron  (6)  and  (7). 


*-i 


ifc-i 


(r)  =' 


/«'-/.=  ^/_a!'  (aj'-aj)         (1+X)  (12) 

•"    ^V^    _(*-l)»    A   ."»-^,^,_    '^»^ 
x'x       k{2k-\f       *        ^*     ''> 

{k-l){2k»^9k+2)   ,^     ~^~A^J^'^'  .,,x 

-nfep=lK3A=2r''       '^  ^       '^  ^"^ 

In  these  equations  x'  and  ^'  are  the  values  of  x  and  fi  corres- 
ponding to— =0,  or  the  upper  limit  of  the  supposed  solar 
atmosphere,  and 
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^—     (A:-1)(2A:-1)    x'    +2(A:-l)a(3A;-2)      a/«      "^  *^ 

_1  JL  JL 

z._i         — l  +  *-i    2— *_i  l+*-i 


2A:(2^— 1) 

Witli  the  values  of  x'  and  ^'  determined,  using  /  and  mf  to 
express  in  like  manner  the  corresponding  values  of  r  and  m  at 
the  upper  limit  of  the  theoretical  atmosphere,  we  find  from 
equations  (4)  and  (5) 

mV3  ,    ^ 

and  by  equation  (1),  ot^^^^-^^"^  (15) 

A  glance  at  equation  (7)  will  show  that  -^— ? — ^,  equation 

X  X 

(18),  or  -7  may  be  taken  equal  to  I  — I       throughout  the 

considerable  upper  part  of  the  volume  of  the  hypothetic  gas- 
eous body  in  which  1 — ?,  or  1 ,,  is  sufiiciently  small  to  be 

neglected.     This  substitution  in  the  last  equation  gives 

"T"  'Mr?  ^   ^^^'  °^^^  y*  ^^^^ 

1  1 

and  also  ^\x']      ^®  v" ~]       ^^^^^^^ 

_l  +  _i      3 L  _ 

Now  the  mechanical  equivalent  of  the  heat  in  the  mass  ^  of  a  . 
cubic  unit  in  volume  of  any  perfect  gas  whose  atmospheric 

subtangent  is  cr<,  is  j—^  q  •  ot^  and  the  mechanical  equivalent  of 

the  heat  that  it  would  give  out,  in  being  cooled  down  under 

k 
constant  pressure  to  absolute  zero,  is  r^  Q'trt.    If  the  density 

9  is  taken  in  units  of  the  density  of  water,  and  the  unit  of 
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length  be  the  foot,  this  expression  is  mnltinlied  by  62^  to  give 
for  the  mechanical  equivalent  in  foot  pounas 

1  1  1 


62i: 


The  mechanical  equivalent  ^r^  g  •  at,  of  the  heat  in  the  mass 

^,  viewed  in  the  light  of  Clausius'  mechanical  theory  of  the 
gases,  includes  the  motions  of  the  separate  atoms  of  each  sup- 
posed compound  molecule  relatively  to  each  other,  as  well  as 
the  motion  of  translation  which  each  compound  molecule 
makes  in  a  straight  path  through  firee  space  till  it  impinges 
upon  another  compound  molecule.  If  we  wish  to  find  the 
mechanical  equivalent  which  would  be  due  to  this  motion  of 

translation  alone,  we  must  put  A=lf  in  the  factor  v^   by 

which  Q'<Tt  ia  multiplied,  and  this  gives  ^'<rt  To  find  from 
this  the  mean  of  the  squares  of  the  velocities  of  translation  of 
the  compound  molecules,  we  divide  by  the  mass  p,  and,  if  the 
foot  be  the  unit  of  length,  multiplv  by  64*3,  whence  we  have 
lor  the  velocity  found  by  taking  the  square  root  of  this  mean 
of  the  squares 

8.02^^.=  8.02(--^-^^^)(l)  (20) 

Determination  of  the  curve  of  density  for  4=1*4. — Beginning 
with  cc  =  1,  in  equations  (8)  and  (9),  we  find  ^  =  '2626  and 

l—\  ='8520.  Developing  the  values  of  a*  and  I— j  for  a:= 
I'l,  a:=l'2,  &c.,  by  means  of  differences  we  arrive  at  the  values 

f«=2*145  and  |-^  J    =  -1878  when  x=4*0.     Putting  these  values 

into  equations  (12)  and  (18)  we  find 

x'  =  5*855,    ^'  =  2*188. 

If  we  now  allow  ^V^  ^^  the  radius  of  the  photosphere,  or  about 
20,000  miles,  for  the  height  of  the  theoretic  upper  limit  of  the 
solar  atmosphere  above  the  photosphere,  and  if  we  take  the 
mean  specific  gravity  of  the  earth's  mass  at  5|^,  and  the  mean 
specific  gravity  of  the  sun  within  the  photosphere  at  J  that  of 
the  earth,  as  it  is  known  to  be,  these  values  of  x^  and  ^'  give 
us  in  equation  (14) 

9o  =  28*16, 
so  that  the  density  of  the  sun's  mass  at  the  center  would  be 
nearly  one-third  greater  than  that  of  the  metal  platinimi. 

Owrve  of  density  for  4= If. — ^For  this  value  of  k  the  numi 
coefficients  in  equations  (8)  and  (9)  are  replaced  by  those  ^ 


merioal 

ir 
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and  (11).     Othcrwif?e,  the  same  process  employed  with  the  value 

k^=  1*4,  gives,  starting  with  x  =  1,  /u  =  -2875  and  I  —  I  =  -8452, 
and  developing  for  a:=l*l,  x=l'2,  &c.,  brings  us  to  a«=2'657 

and  (— )  =1591,  for x=30,  and  finally  gives  us 

a;'z=3-656,  /u'=2-741, 

and  if  we  now  assume  the  same  height  as  before  for  the  theo- 
retic upper  limit  of  the  sun's  atmosphere,  instead  of  Po=2816, 
we  find 

eo=7-ii. 

The  new  curve  of  density  is  found  in  the  same  way  as  the 
first,  and  is  presented  to  the  eye  in  the  diagram  in  comparison 
with  it  In  the  upper  part  of  both  curves  the  scale  of  density 
is  increased  ten  fold,  and  it  is,  in  part  only,  evident  to  the  eye 
how  immensely  diiSferent,  for  the  two  values  of  A,  becomes  the 
density  in  the  upper  parts  of  the  sun  s  mass.  It  appears  to  the 
eye  only  in  part  because  the  ratio  of  the  two  densities  multi- 
plies itself  rapidly  in  approaching  the  upper  limit  of  the  at- 
mosphere. 

The  above  was  communicated  in  writing  as  here  given,  to  the 
Academy  at  its  late  session.*  The  draft  of  the  following,  and 
a  part  oi  the  details  of  its  substance,  have  been  prepared  since. 

Equation  (20)  gives  in  feet  the  square  root  of  the  mean  square 

of  velocity  of  translation  of  molecules  (8"02^^J<^^).  At  the 
sun's  center  we  find  this  would  be  831  miles  per  second  for  the 
curve  of  density  corresponding  to  A=lf,  and  380  miles  per 
second  for  the  curve  of  aensity  corresponding  to  i=l'4. 

In  1838  Pouillet,  foUovning  the  law  of  heat  radiation  given 
by  Dulong  and  Petit,  estimated  the  temperature  of  the  radiat- 
ing surface  of  the  sun,  fix)m  observations  by  himself  of  the 
Quantity  of  heat  it  emits,  at  from  1461°  C.  to  1761°  C.  Herschel, 
n-om  Pouillet's  observations,  and  his  own  made  at  the  Cape  of 
Good  Hope  about  the  same  time,  adopts,  after  allowing  one- 
tliird  for  the  absorption  of  our  atmosphere,  forty  feet  as  the 
thickness  of  ice  that  would  be  melted  per  minute  at  the  sun's  su^ 

*  I  desire  here  to  state  that  the  fonnulffi  which  show  the  relation  between  tliB 
temperature,  the  pressure,  the  density,  and  the  depth  below  the  upper  limit  of  tbe 
atmosphere,  so  far  as  thej  apply  to  the  upper  part  of  the  sun's  body,  were  inde- 
pendently pointed  out  by  Prof.  Peiroe,  in  a  very  interesting  paper  which  that  dis> 
tinguiahed  physicist  read  before  the  Academy  at  the  same  session,  and  prior  to 
the  presentation  of  this  paper.  Also  to  recall  a  fact  whidi  I  first  learned  froa 
Prof  Peiroe's  mention  of  it  to  the  Academy,  viz.  that  Prof  Henry  long  ago  threw 
out  Uie  idea  of  the  atmospheric  condition  to  which  Prof  Thomson  has  more  leoentl^ 
given  the  term  oonTective  equilibrium,  viz.,  such  that  any  potion  of  the  air,  on 
being  conTeyed  into  any  new  lajrer  above  or  below,  would  find  itself  reduoed,  by 
iti  ezpanBicm  or  compreaBion,  to  Hie  temperature  oi  the  new  ln^yer. 
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ja  The  temperature  of  the  radiatm^  surface  calculated 
>m  this  datum  by  the  formula  of  Dulong  and  Petit,  and 
til  the  co-efficient  of  radiation  found  by  rrot  W.  Hopkins 
r  sandstone,  the  smallest  co-efficient  he  found,  is  1550^  C.  or 
20^  FaL  But  then  the  solar  radiation  is  many  thousands 
times  greater  than  the  greatest  in  Dulong  and  Petit's  experi- 
snts,  so  that  these  calculations  of  the  temperature  of  the  sun's 
LOtosphere  have  little  weight  notwithstanding  the  simplicity 
d  accuracy  with  which  the  formula  represents  the  expenments 
Hn  which  it  was  derived.  Nothing  authorizes  us  to  accept 
e  formula  as  more  than  an  empiric^  ona  It  seems  desirable 
Bt  experiments  similar  to  those  of  Dulong  and  Petit  should 
made  on  the  rate  of  cooling  of  intensely  heated  bodies,  such 
balls  of  platinum  not  too  lai^  By  placing  the  heated  ball 
the  center  of  a  hollow  spherical  jacKct  of  water,  either  flow- 
^  or  in  an  unchanged  mass,  the  quantities  of  heat  radiated  in 
ooessdve  equal  spaces  of  time  will  be  determined,  and  the 
rresponding  differences  of  temperature  in  the  heated  ball  can 
least  be  estimated  with  whatever  probability  we  may  rely 
I  our  knowledge  of  the  specific  heat  of  its  materiaL  At 
esent  the  best  means  we  have  of  forming  any  judgment  of 
e  probable  temperature  of  the  source  of  me  sun's  radiation, 
perhaps  to  be  roimd  in  a  comparison  between  the  effects  of 
e  hydro-oxygen  blowpipe,  and  the  recorded  effects  of  Parker's 
eat  burning  lens.  I  am  not  aware  that  this  method  has 
fore  been  resorted  to. 

If  the  angle  of  aperture  at  the  focus  of  a  burning  lens,  or 
mbination  of  lenses,  be  called  2a,  the  radiation  received  by  a 
oall  flat  sur&ce  at  tiie  focus  will  be  sin'o,  if  a  unit  be  taken 
» represent  the  radiation  the  same  small  flat  surface  would 
ioeive  inst  at  the  sun's  suriGsice.  Parker's  lens,  with  the  small 
918  adaed,  had,  at  the  focus  so  formed,  an  angle  of  aperture  of 
bout  47^.  A  small  flat  surface  at  its  focus  would  therefore 
iceive  about  one-sixth  the  radiation  that  it  would  just  at  the 
m,  TnaVing  no  allowance  for  absorption  by  the  atmospheres  of 
le  earth  and  sun  and  rays  lost  in  transmission  through  the 
AsesL  PouiQet,  fix)m  the  experiments  already  alluaed  to 
iide  by  himselfl  found  his  atmosphere  in  fine  weather  trans- 
litted,  of  the  sun's  heat  rays,  about  the  fraction  {  raised  to  a 
ower  whose  exponent  is  the  secant  of  the  sun's  zenith  distance 
Idfl^  of  oonrse,  leaves  out  of  view  the  heat  rays  of  low  inten- 
ts which  are  totally  absorbed  by  the  atmosphera  He  also 
induded  from  comparison  with  other  experiments  of  his 
m  with  a  moderately  laige  burning  glass,  that  that  glass 
iDsmitted  f  of  the  heat  rays  incident  on  it  K  we  assume 
e  same  fraction  for  each  of  the  two  lenses  of  Parker's  com- 
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bination,  and  assume  forther  that  the  sun's  zenith  distance  did 
not  exceed  48^  in  the  experimentB  made  with  it,  we  find  for  & 
fractional  multiplier  expressing  the  part  of  the  sun's  heat  m^ 
tion  which  arrived  at  the  focus  unintercepted,  {^y  *"■(})•=  fii 
Hence  the  radiation  actually  received  by  a  small  flat  sm&oeifc 
the  focus  was  "OQ,  or  about  one-eleventh,  of  what  it  wovld 
receive  just  at  the  sun.  The  heat  so  received  by  any  body  m 
placed  m  the  focus,  must,  after  the  body  has  acquired  ill 
nighest  temperature,  be  emitted  from  it  at  the  same  rate.  'Rm 
heat  so  eimtted  will  consist :  first,  of  heat  radiated  into  ihift 

1)art  of  space  toward  which  the  radiating  surface  of  the  hoij 
ooks ;  secondly,  of  heat  carried  of  by  convection  of  tiie  air; 
thirdly,  of  heat  conducted  away  by  tne  body  supporting  the 
body  subjected  to  experiment ;  fourthly,  of  heat  rays,  if  anj, 
reflected,  and  not  absorbed,  by  the  body  subjected  to  experi- 
ment Assuming  it  as  a  reasonable  conjecture  that  fUliuJf 
of  all  this^  consists  of  heat  radiated  into  the  single  hemMien 
looking  upon  a  dat  surface,  we  may  conclude  that  the  bodrr,  it 
its  highest  acquired  temperature,  radiated  not  less  than  -^^xk.  u 
much  heat  as  is  radiated  by  an  equal  extent  of  surj&ee  of  the 
sun's  photosphere,  over  and  above  such  part  of  that  radialifltt 
as  may  be  intercepted  by  the  sun's  atmosphere,  and  such  mji 
of  low  intensity  as  are  totally  absorbed  by  our  own  atmosphere^ 
the  whole  of  which  apparently  cannot  be  great  No  aUowaooi 
seems  necessary  for  the  chromatic  and  spherical  dispersion  of 
the  lenses,  since  the  diameter  of  the  focus  is  stated  at  half  in 
inch,  while  the  true-diameter  of  the  sun's  image  would  be  not 
less  than  one-third  of  an  inch. 

Now  we  are  not  without  the  means  of  forming  a  probabk 
approximate  estimate  of  this  temperature  at  which  the  radiatioa 
becomes  ^Vth,  more  or  less,  of  that  of  the  sun's  photosphera 
We  are  told  that  in  the  focus  of  Parker's  compound  lens  10 
^ins  of  very  pure  lime  ("  white  riiomboidal  spar  )  were  melted 
m  60  seconds.  We  may  presume  that  in  that  length  of  time 
the  temperature  of  the  mne,  after  parting  with  its  oarbome 
acid,  made  a  near  approximation  to  the  maximum  at  which 
it  would  be  stationary,  a  presumption  confirmed  by  the  period 
of  75  seconds  said  to  have  been  occupied  in  the  fusion  of  10 
grains  of  camelian,  and  by  the  considerable  period  of  46  seoondi 
for  the  fusion  of  a  topaz  of  only  8  grains,  and  26  seconds  for 
an  oriental  emerald  of  but  2  grains,  and  in  &ct  sufficientlj 

*  As  to  the  heat  canied  off  by  coDTeotion  of  the  air,  if  its  qoantlfcy  be  «al» 
luted  by  the  fonnula  giyen  hy  Dulong  and  Petit  for  that  pnnoae,  it  oomMairt 
utterly  insigiiiflcant  hi  oompariflon  with  the  heat  reoeived  from  tne  bumliig  ^fluk 

Ihe  ooi\ieotural  allowance  of  ftha  in  aU,  of  this,  is  likely,  therefore,  to  be  nmA 
too  Uutge.  Not  much  reliance,  indeed,  can  be  placed  upon  the  fonnida  here  ■» 
tioned,  at  such  a  temperature  as  4000^  Pah.,  yet»  as  by  it  the  OQnyectian  ia  tahn 


proportional  to  the  l-sas  power  of  the  difforenoe  of  temperatura»  it  ntma  udBMt 


giToa  a  quantify  very  many  fdd  leaa  than  the  truth. 
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red,  it  would  seem,  by  observing  that  the  heat  we  have 
mated  to  £Edl  at  the  focus,  upon  a  flat  surface,  would  suffice, 
etained,  to  raise  the  temperature  of  a  quarter  of  an  inch 
ik  of  lime  4000^  FaL  in  6  seconda  I^  then,  we  may  tidse 
temperature  maintained  at  the  focus  of  Parker's  lens  to 
e  been  at  the  melting  point  of  lime,  we  may  conclude  that 
I  also  not  &r  £nom  the  temperature  given  by  the  hvdro-oxygen 
srpipa  Dr.  Hare,  who  was  the  flist  inventor  of  this  instru- 
it|  and  the  discoverer  of  its  great  power,  melted  down,  by 
means,  in  partial  fusion,  a  very  small  stick  of  lime  cut  on  a 
ip  of  that  material,  which  we  imderstand  to  have  been  a 
f  pure  specimen.  Burning  glass  and  blowpipe  seem  each 
lave  be^  near  the  limit  of  its  power  in  mis  apparently 
imon  effect  But  Deville  found  the  temperature  produced 
the  combination  of  hydrogen  and  oxygen  under  the  atmos- 
nc  pressure  to  be  2500"^  Cent  As  tne  lime  in  the  heated 
(t  would  radiate  rapidly,  its  temperature  must  have  been 
er  than  that  of  combined  hydrogen  and  oxygen,  and  I  have 
ed  it  2220°  Cent  or  4000°  Fah. 

lie  fonnula  of  Dulong  and  Petit,  with  the  co-efficient  found 
Eopkins,  as  already  mentioned,  gives  for  the  quantity  of 
b  radiated  in  one  minute  by  a  square  foot  of  surface  of  a 
7  whose  temperature  is  0+t  centigrade,  into  a  chamb^ 
me  temperature  is  0  centigrade,  when  expressed  with  the 
» employed  by  Hopkins, 

8-877  (10077)^  [(1O077)*-!]. 

^  win  be  convenient,  and,  in  the  discussion  of  the  high  tem- 
ktores  with  which  we  are  concerned,  will  involve  no  sensible 
r,  to  use  the  hypothesis  that  the  space  around  the  radiating 
7  is  at  the  temperature  of  0°  C.  and  the  formula  for  the 
ation  then  becomes, 

8-877  [(1  •0077)'-!].  (21) 

lie  unit  used  by  Hopkins,  in  the  formula  here  given,  is  the 
ntitj  of  heat  that  will  raise  the  temperature  of  1000  grains 
water  1^  oentigrada  Expressed  by  the  same  unit,  the 
ntity  adopted  by  Sir  J.  Herschel  as  the  amount  of  the  sun's 
iaticHi,  yizL  that  which  would  melt  40  feet  thick  of  ice  in  a 
Qte  (at  the  sun's  surface),  is  1,280,000.  The  ,Vth  of  this, 
34^000,  expresses,  therefore,  the  quantity  which  we  have 
mated  the  lime  under  Parker's  lens  to  nave  radiated,  per 
ire  foot  of  its  surface,  at  its  estimated  temperature  of  4000^ 
.  If  now  we  calculate  its  temperature  by  the  above  formula, 
1  the  estimated  radiation,  the  result  is  1166''  Cent  or  2180'' 
This  is  manifestly  much  below  the  real  temperature, 
80  far  below  that  there  can  be  no  doubt  the  formula  of 
nog  and  Petit  has  fidled  at  the  melting  point  of  lime.    If 
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instead  of  the  co-efficient  8*877  we  had  used  the  larger  co-effi- 
cient 12*808  which  Hopkins  gives  for  unpolished  limestone^  the 
formula  would  have  been  reduced  only  68°  Cent  It  best  Boits 
the  direction  of  our  inquiry  to  use  the  smallest  co-efficient  which 
Hopkins'  experiments  gave,  since  we  are  seeking  the  highest 
temperature  which  can  be  plausibly  deduced  from  the  son's 
radiation.  For  ease  of  expression,  the  curve  which  we  will 
imagine  for  representing  the  actual  relation  of  radiatkm  to 
temperature,  the  horizontal  ordinate  standing  for  the  tempera- 
ture and  the  vertical  ordinate  for  the  radiation  CGxreBpondiDg 
thereto,  may  be  called  the  curve  of  radiation.  The  coozse  of 
this  curve  from  the  freezing  point  of  water  to  a  point  somewhat 
below  the  boiling  point  of  mercury  is  correctly  marked  oat  to 
us  by  the  formula.  Beyond  tliat  we  have  but  the  zongh 
approximation  which  we  can  get  by  means  of  the  above  com- 
parison, to  the  single  point  of  the  curve  where  the  radiation  is 
,Vth  that  of  the  sun's  photosphere.  The  attempt,  from  these 
data,  to  extend  the  curve  till  it  reaches  the  fdll  ladiation 
of  that  photosphere,  must  be  mainly  conjectunL  As  a 
basis  for  the  most  plausible  conjecture  I  am  able  to  make 
let  us  assume :  first,  that  the  upwsurd  concavity  of  the  dure  of 
radiation,  which  increases  very  rapidly  with  the  temperature  as 
&r  as  the  curve  follows  the  formma  of  Dulons  and  Petit|  is  at 
no  temperature  greater  than  that  formula  would  give  it  aft  the 
same  temperature;  secondly,  that  the  curve  of  radiation  is 
nowhere  convex  upward.  If,  then,  we  set  out  from  these  two 
conjectural  assumptions — of  the  degree  of  probability  of  which 
each  one  must  form  his  own  impression— the  greatest  tempenr 
ture  the  sun's  photosphere  comd  have  consistency  with  tiie 
radiation  of  64,000  at  tne  temperature  of  4000°  Fah.,  is  found  by 
drawing  through  the  point  representing  that  radiation  and  that 
temperature  a  straight  line  tangent  to  the  curve  of  tlie  fixnoiiila 
The  line  so  drawn  would  cross  the  real  curve  of  radiation  in  a 
greater  or  less  angle  at  the  radiation  of  64,000  and  tempen- 
ture  of  4000^  Fah.,  and  at  higher  temperatures  would  fiiU  more 
or  less  below  that  curve,  and  its  intersection  with  the  snn^ 
radiation  of  1,280,000  would  be  at  a  temperature  greater  than 
that  of  the  curve,  that  is  to  say,  greater  than  the  tempeia- 
ture  of  the  sun's  photosphera  This  greater  temperature  is 
55,450°  Fah. 

A  difierent  train  of  conjecture  led  me  at  first  to  assume  a 
temperature  of  54,000°  Fan.,  and  this  last  number  I  will  here 
retain  since  it  has  been  already  used  as  the  basis  of  some  of 
the  calculations  we  now  proceed  to  giva  It  must  be  here 
recollected  that  we  are  discussing  the  question  of  clouds  of 
solid  or  at  least  fluid  particles  floating  in  non-radiant  gas,  and 
constituting  the  sun's  photosphera    U  the  amount  of  radiaium 
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would  lead  us  to  limit  the  temperature  of  such  clouds  of  solids 
or  fluids,  so  also  it  seems  difficult  to  credit  the  existence  in  the 
solid  or  fluid  form,  at  a  higher  temperature  than  61,000^  Fah. 
of  any  substance  that  we  know  o£ 

If  then  we  suppose  a  temperature  of  54,000®  FaL,  what  would 
be  the  density  of  that  layer  of  the  hypothetic  gaseous  bodj 
which  has  that  temperature,  and  what  length  of  tmie  would  lie 
required,  at  the  ol^rved  rate  of  solar  radiation,  for  the  emis- 
sion of  all  the  heat  that  a  foot  thick  of  that  layer  would  ^e 
out  in  cooling  down  under  pressure  to  absolute  zero?  The 
latter  question  depends  on  the  mechanical  equivalent  of  this 
heat  for  a  cubic  foot  of  the  layer  of  gas,  and  the  two  questicHis, 
together  with  that  of  the  depth  at  which  the  layer  would  be 
situated  below  the  theoretic  upper  limit  of  the  atmosphere,  are 
answered  by  equations  (17),  (18),  and  (19),  provided  we  knew 
the  value  of  k  and  the  value  of  ff  in  the  body  of  cas.  The  less 
the  atomic  weight  of  the  gas  the  greater  tne  vwue  of  <r,  and 
the  greater  the  density  of  the  layer  of  54000®  Fah.  and  the 
greater  the  quantity  of  heat  which  a  cubic  foot  of  it  wonM 
give  out  in  cooling  down.  I  therefore  base  the  first  calculati(Hi 
on  hydrogen  as  it  is  known  to  us.  The  value  of  <^  is  in  that 
case  about  800  feet,  and  the  value  of  h  about  1*4,  nearly  Uie 
same  as  in  common  air.  These  values  would  give  for  the 
layer  of  54000®  Fah.  a  specific  gravity  about  00000095  that 
of  water,  or  about  one  90th  that  of  hydrogen  gas  at  common 
temperature  and  pressure,  and  the  mechanical  equivalent  of  the 
heat  that  a  cubic  foot  of  the  layer  would  give  out  in  cooling 
down  under  pressure  to  absolute  zero  would  be  only  about 
9000  foot  pounds,  whereas  the  mechanical  equivalent  of  the 
heat  radiated  by  one  square  foot  of  the  sun's  surface  in  one 
minute  is  about  254,000,000  foot  pounds.  The  heat  emitted 
each  minute  would,  therefore,  be  lully  half  of  all  that  a  layer 
ten  miles  thick  would  rive  out  in  cocJling  down  to  zero,  ana  a 
circulation  that  would  dispose  of  volumes  of  cooled  atmosphere 
at  such  a  rate  seems  inconceivable. 

It  may  possibly  appear  to  some  minds  that  the  difficullj 
presented  by  this  aspect  of  the  case  will  vanish  if  we  suppose 
the  photospnere,  or  its  cloudy  particles,  to  be  maintained  by 
radiation  at  a  temperature  to  almost  any  extent  lower  than  thirt 
of  convective  equilibrium.  This  would  enable  us  to  place  the 
theater  of  operations  in  a  lower  and  denser  layer  of  atmos- 
phere, but  the  supposition  seems  to  me  difficult  to  realize 
unless,  as  the  hot  gases  rise  from  beneath,  precipitation  could 
commence  at  a  temperature  many  times  higher  than  the  54000* 
Fah.  which  we  have  estimated  K)r  the  upper  visible  surfiace  of 
the  clouds,  and  this,  as  before  intimatea,  seems  to  me  itedf 
extremely  improbabla 
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[  may  mention  here  that  my  Mend  Dr.  Craig,  in  an  impub- 
lad  paper,  following  the  hint  thrown  out  by  Frankland,  is 
|po»ea  to  &vor  the  idea  that  the  sun's  radiation  may  be  the 
uation  of  hot  gases  instead  of  eloud&  At  present  I  shall 
ier  no  opinion  on  that  point  one  way  or  the  other,  but  will 
ly  state  it  as  my  impression  that  if  the  theory  of  precipitated 
»ud8,  as  above  presented,  is  the  true  one,  something  quite 
like  our  present  experimental  knowledge,  or  at  least  much 
yond  it,  is  needed  to  make  it  intelli^ble. 
rhe  first  hypothesis  which  offers  itself  in  an  attempt  to 
Jce  the  theory  rational  is  suggested  by  one  point  in  Clausius' 
50iy  of  the  constitution  of  the  gases,  already  alluded  to. 
fbiminf  his  theory  Clausius  found  that  the  Imown  specific 
GitB  of  the  gases  are  all  much  too  great  for  firee  simple  atoms 
piii^in^  on  one  another,  and  he  therefore  introduced  the 
poueais  of  compound  molecules,  each  compound  molecule 
mg  a  system  of  atoms  oscillating  among  each  other  under 
068  of  mutual  attraction.  Now  if  this  were  accepted  as  the 
mal  constitution  of  the  gases  it  is  of  course  easy  enough  to 
leeive  that  in  the  fierce  collisions  of  these  compound  mole- 
lea  with  each  other  at  the  temperatures  supposed  to  exist  in 
)  tran's  body,  their  component  atoms  might  be  torn  asunder, 
1  miffht  thenceforth  move  as  firee  simple  molecules.  In  this 
iCi  rail  retaining  the  hypothesis  of  Clausius'  theory,  that  the 
srage  length  of  the  path  described  by  each  between  collisions 
large  compared  witn  the  diameter  of  the  sphere  of  effective 
raction  or  repulsion  of  atom  for  atom,  the  value  of  k  would 
ch  its  maximum  of  If.  Experiment  has  not  shown  us  any 
}  in  this  condition,  and  for  the  present  it  is  hypothetical 
en  in  hydrogen  the  value  of  k  aoes  not  materially,  if  any, 
oeed  the  value  of  1*4  which  it  has  in  air.  But  if  it  were 
md  that  the  hydrogen  molecule  is  compound,  and  that  in 
i  body  of  the  sun  the  heat  splits  this  molecule  into  two  equal 
iple  atoms,  and  in  fact  that  all  the  matter  in  the  sun's  body 
iplit  into  simple  free  atoms  eaually  as  small,  then,  while  the 
lue  of  k  would  be  If,  the  value  of  a  would  be  about  1600 
1  K  with  these  values  we  repeat  the  calculation  of  the 
Qsity  of  the  layer  of  54000®  Fah  we  find  its  specific  gravity 
be  O-OOOSOS  of  that  of  water,  or  4*85  times  that  of  hydrogen 
3  at  common  temperature  and  pressure  and  in  its  known  con- 
ion,  or  8*7  times  that  which  the  hydrogen  in  the  hypothetic 
idition  would  have  if  it  retained  that  condition  at  common 
nperature  and  pressure.  We  find  also  that  the  mechanical 
oivalent  of  all  the  heat  that  a  cubic  foot  of  the  layer  would 
re  out  in  cooling  down,  under  pressure,  to  zero,  would  be  no 
8  than  18,500,000  foot  pounds.  Instead,  therefore,  of  a  layer 
I  miles  thick,  it  would  now  require  only  a  thickness  of  88  leet 
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to  give  out,  in  cooling  down  to  zero,  twice  the  heat  emitted  by 
the  sun  in  one  minute.  It  will  be  seen,  (equations  (17)  and  (19a 
that  this  thickness,  retaining  the  constant  value  A;=lf,  would 
diminish  with  the  2^  power  of  the  masses  of  the  atoms  into 
which  the  sun's  body  is  hypothetically  resolved  (the  reciprocal 
of  the  value  of  a),  and  I  leave  each  to  form  his  own  impressicm 
how  far  this  view  leads  towards  verisimilitude. 

It  is  important  to  add  that  the  depth  of  the  layer  of  54000* 
Fah.  below  the  theoretic  upper  limit  of  atmosphere,  when  cal- 
culated with  value  i=l'4,  <y=800  feet,  comes  out  only  1107 
miles,  and  vnth  the  values  ^=lf  and  or=1600  feet  onfy  1681 
miles.  This  calculation  of  the  depth,  unlike  the  other  results 
above,  may  be  said  to  be  independent  of  the  question  of  tiie 
constitution  of  the  sun's  interior  mass.  It  is  alike  difficulty  on 
any  plausible  hypothesis,  to  reconcile  a  temperature  no  higher 
than  54000°  Fan.  with  any  perceptible  atmosphere  extending 
manv  thousand  miles  above,  and  yet  no  less  an  authority  than 
Prof  Peirce  has  assigned  a  hundred  thousand  miles  as  the 
height  of  the  solar  atmosphere  above  the  photosphere,  at  the 
same  time,  however,  pointing  out  the  enormous  temperature 
which,  under  convective  equuibrium,  this  would  imply  at  the 
level  of  the  photosphera  JBut  all  are  not  yet  agreed  that  the 
appearances  seen  at  such  distances  from  the  sun  are  proof  of 
the  existence  of  a  true  atmosphere  there.  It  will  be  seen  that 
the  numbers  I  give  above  were  obtained  from  a  first  hypothesifl 
of  an  atmospheric  limit  20,000  miles  above  the  photosphere^ 
but  for  the  purpose  of  this  paoer  it  is  of  no  consequence  to 
repeat  the  calculation  from  a  oinerent  limit 

it  is,  I  believe,  recognized  on  theoretical  grounds  that  in  an 
atmosphere  containing  a  mixture  of  gases  of  unequal  density 
the  lighter  gases  might  be  expected  to  diffuse  in  greater  propor- 
tion into  the  higher  parts  of  the  atmosphere  and  the  neavier 
gases  into  the  lower  parts.  But  perhaps  the  supposed  circnlft- 
tion  which  the  emission  of  heat  maintains  within  the  photo- 
sphere  must  renew  mixture  at  a  rate  sufficient  to  mask  the  rate 
which  theory  would  assign  for  diffusion.  I  have  not  attempted 
a  theoretic  comparison  oetween  these  two  tendences.  It  wH 
suffice  here  to  repeat  that  the  above  numerical  results,  so  &r  as 
they  may  be  thought  to  give  countenance  to  the  theory  in  its 
mechanical  aspect,  require  that  the  entire  inner  mass  of  the  sun 
shall  have,  at  a  mean,  (in  the  supposed  state  of  dissociation]^ 
the  very  small  atomic  weight  specined.  We  may  notice  in  this 
connection  the  uniform  propoXn  of  oxygen  an/nitrogen  gaw 
in  our  atmosphere  at  the  height  of  four  miles  or  more  at  which 
the  analysis  has  been  mada  Without  having  gone  into  a  criti- 
cal examination  of  the  question,  I  suppose  that  at  that  height 
the  proportion  of  oxygen  which  the  tneory  of  diffusive  eqxuli- 
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brium  would  assi^  is  notably  duninished,  and  that  it  would  be 
found  that  the  circulation  of  the  air  is  sufficiently  active  to 
mask  the  theoretic  rate  of  diffusion. 

The  second  hypothesis  which  might  ofifer  itself  in  an  attempt 
to  mi^e  the  theory  rational,  but  which  a  very  little  reflection 
is,  I  think,  sufficient  to  set  aside,  is  that  which  would  modify 
Clausius'  theory  of  the  gases  by  assuming  that  in  the  sun's 
body  the  average  length  of  the  excursion  made  by  each  mole- 
cule between  two  consecutive  collisions,  becomes  very  short 
compared  with  the  radius  of  the  sphere  of  repulsion  of  mole- 
cule for  molecule,  and  with  the  average  distance  of  their  centers 
at  nearest  approacL  This  way  of  harmonizing  the  actual 
volume  of  the  sun  with  such  a  temperature  as  54000°  FaL  in 
the  photosphere,  and  with  the  smallest  density  which  we  can 
credit  in  the  photosphere,  would  involve  the  consequence  that 
the  existing  density  of  almost  the  entire  mass  of  the  sun  is 
very  nearly  uniform  and  at  its  maximum  possible,  or  at  all 
events  that  any  further  sensible  amount  of  collapse  must  be 
productive  of  but  a  very  small  amount,  comparatively,  of 
renewed  supplies  of  heat,  for  the  obvious  reason  that  this 
hyphothesis  carries  with  it  almost  the  entire  neutralization  of  the 
mce  of  gravity  by  the  forces  of  molecular  repulsion.  In  like  man- 
ner it  involves  the  consequence  that  in  any  such  small  contrac- 
tion of  the  photosphere  as  can  have  taken  place  within  the 
history  of  total  eclipses,  it  is  but  a  very  smatl  fraction  of  the 
sun's  mass,  near  its  sur&ce,  that  can  have  taken  part  in  the 
collapse  to  any  thing  like  a  pmportionate  extent  Hence  it 
also  extremely  restricts  the  period  during  which  we  could 
mii>po6e  the  sun  to  have  existed  under  anything  like  its  present 
visiole  magnitude  in  the  past,  consistently  with  the  production 
in  the  way  supposed  of  the  supplies  of  heat  it  has  been  sending 
out  Another  thin^  involved  in  this  second  hypothesis  is  the 
fact  which  Prof  Peirce  has  pointed  out  to  the  Academy,  viz. : 
that  the  existing  molecular  repulsion  in  the  sun's  body  would 
immensely  exceed  such  as  would  be  indicated  by  the  modulus 
of  elasticity  of  any  form  of  matter  known  to  us. 

In  conclusion,  I  do  not  mean  to  say  that  there  is  any  invinei- 
hk  logical  exclusion  of  any  law  of  the  actiou  of  gases  different 
from  what  is  specified  or  alluded  to  abova  I  only  mean  that, 
BO  fiEur  as  I  can  see,  any  theory  of  heat  which  is  based  simply 
and  soleh/  upon  molecular  attraction  and  repulsion  dependent  on 
molecular  distance  alone,  cannot  in  its  application  to  the  sun, 
escape  from  the  conditions  indicated  in  tnis  paper.  It  is  cer- 
Uimy  not  absurd  to  imagme  heat  to  be  an  agent  of  some  kind 
80  constituted  that  it  cannot  be  thus  represented  by  the  sole 
conditions  of  motion  and  of  molecular  attraction  and  repulsion, 
bat  yet  so  constituted  that  in  its  effects  upon  matter  it  follows 
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the  conditions  of  meclianical  equivalency  as  defined  by  Jonla 
In  £Eict^  such  exceptional  cases  as  the  expansion  of  water  in 
freezing  seem  to  &vor  such  a  view,  though  the  range  of  that 
phenomenon  is  very  limited.  One  way  of  forming  a  mechani- 
cal representation  of  such  a  constitution  would  be  by  associat- 
ing molecular  motion  with  the  mechanical  powers,  either  witii 
or  without  molecular  attraction  or  repulsion;  the  manner  in 
which  the  imagined  mechanical  power  (or  link^  attaches  itsdf 
to  the  molecules  which  it  connects — so  as  to  maike  their  motion 
determine  their  mutual  approach  or  recession  or  change  of 
relative  direction— being  dependent  on  the  existing  motions 
and  other  conditions  in  such  a  way  as  to  produce  the  observed 
phenomena.  The  possibility  of  such  a  mechanical  representation 
IS  sufficient  to  show  that  such  a  supposed  con^ihUion  is  not 
logically  eocclttded,  but  to  accept  such  a  mechanical  representation 
as  a  physical  fact  is  quite  another  matter,  and,  as  it  seems  to  me^ 
a  very  difficult  ona  Of  course  this  difficulty  does  not  present 
itself  when  we  suppose  that  heat  is  not  motion. 


Abt.  X. — On  the  mode  of  observing  the  coming  Transits  of  Venus; 

by  Simon  Newcomb.* 

Transits  of  Venus  over  the  disk  of  the  sun  have  more  than 
any  other  celestial  phenomena  occupied  the  attention  and  called 
forth  the  energies  of  the  astronomical  world.  In  the  last  cen* 
tuiy  they  furnished  the  only  means  known  of  learning  the  dis- 
tance of  the  sun  with  an  approach  to  accuracy,  and  were  there- 
fore looked  for  with  an  interest  corresponding  to  the  importanoe 
of  this  element  Although  other  methods  of  arriving  at  this 
knowledge  with  about  eqiud  accuracy  are  now  known,  tine  rarity 
of  the  phenomenon  in  question  insures  for  it  an  amount  oS 
attention  which  no  other  system  of  observation  can  command 
As  the  rival  method,  that  of  observations  of  Mars  at  fEivorable 
times,  requires,  equally  with  this,  the  general  cooperation  of 
astronomers,  the  power  of  securing  this  cooperation  does  in 
itself  give  the  transits  of  Yenus  an  advantage  they  would  not 
othennfle  possesa. 

Although  the  next  transit  does  not  occur  for  four  years,  the 
preliminary  arrangements  for  its  observation  are  already  being 
made  by  the  governments  and  scientific  organizations  of  Europa 
It  is  not  likely  that  our  government  will  be  backward  in  ^l^ 
Bishing  the  means  to  enable  its  astronomers  to  take  part  in  this 
work.  The  principal  dangers  are,  I  apprehenea,  those  of 
setting  out  with  insufficient  preparation,  with  unmatured  plans 

*  Read  before  the  NatUmal  Academy  of  Sdenoes,  April  13, 1870. 
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of  obBenration,  and  without  a  good  system  of  cooperation 
among  the  several  parties.  For  this  reason  I  b^  leave  to 
call  the  attention  of  the  Academy  to  a  discussion  ot  the  meas- 
ures by  which  we  may  hope  for  an  accurate  result 

In  planning  determinations  of  the  solar  parallax  from  the 
transitB  of  Yenus,  it  luus  imtil  lately  been  the  custom  to  depend 
entirely  upon  observations  of  the  internal  contact  of  the  limbs 
of  the  sun  and  planet,  as  proposed  by  Halley.  It  is  a  little 
remarkable  that  while  astronomical  observations  in  general  have 
attained  a  decree  of  accuracy  wholly  imthought  of  in  the  time 
of  Halley,  this  particular  observation  has  never  been  made  with 
a  precision  at  all  approaching  that  which  Halley  believed  that 
he  himself  had  actually  attamed.  In  his  paper  he  states  that 
he  was  sure  of  the  time  of  the  internal  contact  of  Mercury  and 
and  the  sun  within  a  second^  The  latest  observations  of  a 
kannt  of  Mercury,  made  in  November,  1868,  are,  as  we  shall 
presently  see,  uncertain  by  several  seconds.  It  is  also  well 
tmown  that  the  observations  of  the  last  transit  of  Venus,  that 
of  June,  1769,  failed  to  fix  the  solar  parallax  with  the  certainty 
which  was  looked  for,  the  result  of  the  standard  discussion 
being  now  known  to  be  erroneous  by  one-thirtieth  of  its  entire 
amount 

The  discrepancies  which  have  always  been  found  in  the  class 
of  observations  referred  to,  when  the  results  of  different  ob- 
servers have  been  compared,  have  been  generally  attributed  to 
the  effect  of  irradiation.  The  phenomenon  of  irraoiation  presents 
itself  in  this  form:  When  we  view  a  bright  body,  projected 
upon  a  dark  ground,  the  apparent  contour  of  the  bright  body 
projects  bCTond  its  actual  contour.  It  may  be  generalized  as 
Ibllows : — ^A  lucid  point,  however  viewed,  presents  itself  to  the 
sense,  not  as  a  mathematical  point,  but  as  a  disc  of  appreciable 
extent,  and,  usually,  of  irregular  outlina  But,  for  our  present 
purposes  the  form  of  the  disc  may  be  considered  circular.  Its 
outline  is  necessarily  quite  indefinite,  and  its  magnitude  in- 
creases with  the  brilnancy  of  the  point  A  bright  body,  being 
composed  of  an  infinity  of  lucid  points,  its  apparent  enlarge- 
ment is  an  evident  result  of  this  law. 

The  following  diagrams  show  the  effect  of  this  law  upon  the 
time  of  internal  contact  of  a  planet  with  the  disk  of  tne  sun. 
The  planet  being  supposed  to  approach  the  solar  disk,  figure  1 
shows  the  geometrical  form  of  a  portion  of  the  apparent  surface 
of  the  sun,  or  the  phenomenon  as  it  would  be  ir  there  were  no 
irradiation  immediately  before  the  moment  of  internal  contact 
Figure  2  shows  the  corresponding^  appearance  immediately  after 
the  contact  To  indicate  the  effect  of  irradiation,  or  to  show 
the  phenomenon  as  it  will  actually  appear  on  the  theory  of  irra- 

*  Philoeopbical  TranaactionB,  Ko.  348,  p.  464. 
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y  of  minate  ciicles, 
ible  around  the  pUsA 


diation,  we  have  only  to  draw  an  infinity  of  minate  ciicIes,  a 
from  each  point  of  tlie  sun's  disk  i '  '  ' 


The  effect  of  this  is  shown  in  the  figures  lo  and  2a.    The 
exceedingly  thin  thread  shown  in  figure  1  ia  thus  thickened  u 


in  la,  and  the  sharp  cusps  of 
figure  2  are  rounded  off  u 
shown  in  figure  2a.  The  sp- 
parent  radius  of  the  planiet 
18  diminished  b^  an  amount 
equal  to  the  radius  of  the  tat- 
cle  of  irradiation,  and  the 
radius  of  the  sun  ia  increased 
bj  the  same  amount  Com- 
paring figures  la  and  2a,  it 
will  he  seen  that  the  moment 
of  internal  contact  is  marked 
by  the  apparent  formation  of 
a  ligament,  or  "  black  drop,"  between  the  limbs  of  the  sun  and 
the  planet    This  formation  is  of  so  marked  a  character  that  it 
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has  been  generally  supposed  there  could  be  little  doubt  of  the 
moment  of  its  occurrence.     The  remarks  of  the  observers  have 

Siven  color  to  this  supposition,  the  black  drop  being  generally 
escribed  as  appearing  suddenly  at  a  definite  moment 

Examining  n^re  2a,  it  will  be  seen  that  the  planet  still  ap- 
pears entire^  within  the  disk  of  the  sun.  The  geometrical 
circle  which  bounds  the  latter,  and  that  which  bounds  the 
planet^  instead  of  touching,  are  separated  by  an  amount  equal 
to  doable  the  irradiation.  If  the  observer  waits  until  the 
planet  has  moved  over  this  space,  the  two  circles  will  appear  in 
that  poBitioii  in  which  they  would  touch  if  completed  This 
phase  commonly  called  "  apparent  contact,"  is  shown  in  fig.  S. 
Nother  cirole  is  visible  at  the  point  of  tai^ency,  the  black  drop, 
now  greatiy  widened  and  flattened,  extenmng  on  both  sides  this 
paiiit  The  estimate  of  the  moment  of  contact  must  therefore 
oe  TeiT  rcragh,  the  means  of  estimating  being  &r  less  accurate 
than  tnose  afforded  by  a  common  filar  micrometer.  In  the  ac- 
tual case  the  eye  has  to  continue  the  two  circles  to  the  point  of 
contact  by  estunation  throufrh  a  distance  dependimr  on  the 
amount  oi  imdiation,  while  measures  with  a  micrometer  are 
made  by  actual  contact  of  a  wire  with  a  disk.  Such  estimates 
have,  therefore,  been  generally  rejected  by  investigators,  not 
only  from  their  necessary  inaccuracy,  but  because  the  time  of 
*' apparent  contact"  depends  upon  the  amount  of  irradiation, 
which  varies  with  the  observer  and  the  telescope.  If  there  is 
no  irradiation  at  all,  the  time  of  apparent  contact  and  that  of 
true  contact  will  be  the  same,  as  shown  in  figure  2 ;  while, 
when  the  cusps  are  enlarged  by  irradiation,  apparent  contact 
will  not  occur  until  the  planet  has  moved  through  a  space  equal 
to  doable  ihe  irradiation. 

Lot  us  -retom  to  the  phenomena  at  actual  contact  Accord- 
ing to  the  theory  as  it  has  been  presented,  the  formation  or 
mptnie  of  the  black  ligament  connecting  the  dark  body  of  Ye- 
nna  with  the  dark  groimd  of  the  sky  is  a  well-marked  phenom- 
enon, occurring  at  the  moment  of  true  internal  contact  This 
was,  I  believe,  the  received  theory  until  Wolf  and  Andr^  made 
their  experiments  on  artificial  transits  m  the  autumn  and  winter 
of  1868  and  1869.  They  annoimced,  as  a  result  of  these  experi- 
ments, that  the  formation  of  the  ligament  was  not  cotempora- 
neons  with  the  occurence  of  internal  contact,  but  followed  it  at 
the  ingress  of  the  planet,  and  preceded  it  at  egress.  In  other 
words,  it  appeared  while  the  thread  of  light  was  still  complete. 
They  furthermore  announced  that  with  a  ^ood  telescope  the  lig- 
ament did  not  appear  at  aU,  but  the  threaa  of  light  between  Ve- 
nus and  the  dark  sky  broke  off  by  becoming  indefinitely  thin. 

The  result  is  not  difficult  to  account  for.  Irradiation  nas  al- 
ready been  described  as  a  spreading  of  the  light  emitted  fix>m 
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each  point  of  the  sur&ce  viewed,  so  that  every  such  point  ap- 
pears as  a  small  circle.  The  obvious  effect  of  this  spreading  is  a 
dilution  of  the  light  emitted  by  a  luminous  thread  or  point 
whenever  the  diameter  of  the  thread  is  less  than  that  of  the  oir* 
de  of  irradiation.  In  consequence  of  this  dilution  the  thread 
may  be  invisible  while  it  is  really  of  sensible  thickness,  a  given 
amount  of  light  producing  a  greater  effect  on  the  eye  the  more 
it  is  concentrated.  Since  me  thread  of  light  must  seem  to  break 
when  it  becomes  invisible  at  its  thinnest  point,  the  formation  or 
rupture  of  the  thread  marks,  not  the  moment  of  actual  contacti 
but  the  moment  at  which  the  thread  of  light  becomes  so  thick 
as  to  be  visible,  or  so  thin  as  to  be  invisiUa  The  greats  the 
irradiation,  and  the  worse  the  definition,  the  thicker  will  be  the 
thread  at  this  moment 

An  interesting  observation  illustrative  of  this  point  was  made 
by  Liais  at  Bio  Janeiro  during  the  transit  of  Mercury  of  No- 
vember 1,  1868.  He  had  two  telescopes,  one  much  smaller 
than  the  other.  He  watched  the  planet  in  the  smaU  one  till  it 
seemed  to  touch  the  disk  of  the  sun.  Then  looking  into  the 
large  one  he  saw  a  thread  of  light  distinctly  between  the  planet 
ana  the  sun,  and  they  did  not  really  touch  until  several  seconcb 
later.* 

Beference  to  the  figures  will  make  it  clear  that  there  is  no 

Seneric  difference  between  the  phenomenon  conmionly  called 
ie  rupture  of  the  black  drop  and  that  of  the  formation  of  the 
thread  of  light  If  the  bright  cusps  are  much  rounded,  as  in 
figure  2a,  the  appearance  between  them  is  necessarily  that  of  a 
drop,  while  if  they  are  seen  in  their  true  sharpness,  as  in  figure  1, 
the  form  of  the  drop  will  not  appear.  It  has  been  shown  that 
with  different  instruments  the  phenomenon  of  contact  may  ez* 
hibit  every  gradation  between  these  extreme&  The  only  well 
defined  phenomenon  which  all  can  see  is  the  meeting  of  the 
bright  cusps  and  the  consequent  formation  of  the  thread  of  light 
at  ingress  and  the  rupture  of  the  thread  at  egress. 

To  recapitulate  our  conclusions — 

L  The  moment  of  observed  internal  contact  at  ingress  is  that 
at  which  the  thread  of  light  between  Venus  and  the  son  be- 
comes thick  enough  to  be  visible. 

2.  The  least  visible  thickness  varies  with  the  observer 
and  the  instrument,  and,  perhaps,  with  the  state  of  the  atmoe* 
phere. 

8.  The  apparent  initial  thickness  of  the  thread  varies  with  the 
irradiation  of  the  telescope. 

Two  questions  are  now  to  be  discussed.  The  observed  times 
varying  with  the  observer  and  the  instrum^t,  we  must  know 
how  wide  the  variation  may  be.    I£  it  be  wide  enough  to  ren* 

"^  Astra&omiidw  Kaohriditen,  B.  73,  8.  S09. 
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der  xmcertain  the  results  of  observation,  we  shall  inquire  how 
its  injurious  effects  may  be  obviated. 

The  first  question  can  be  decided  only  by  comparison  of  the 
observations  of  different  observers  upon  one  and  the  same  phe- 
nomoion.  For  such  comparison  I  shall  select  the  observations 
of  the  egress  of  Mercury  on  the  occasion  of  its  last  transit  over 
the  disk  of  the  sun.  This  selection  is  made  for  the  reason  that 
this  egress  was  observed  by  a  great  number  of  experienced  ob- 
servers with  the  best  instruments,  while  former  transits,  whether 
of  Yenus  or  Mercury,  have  been  observed  less  extensively  or  at  a 
time  when  practical  astronoiity  was  far  from  its  present  state  of 
pofection,  and  that  the  transit  in  question  would  therefore  fur- 
nish much  better  data  of  judging  what  we  might  expect  in 
future  observationa  The  companson  was  made  in  the  follow- 
ing wav:  I  selected  firom  the  *' Astronomische  Nachrichten," 
the  ^*  Monthly  Notices  of  the  Royal  Astronomical  Society,"  and 
the  ^*  Comptes  Bendus  "  all  the  observations  of  internal  contact 
at  egress  which  there  was  reason  to  believe  related  to  the  break- 
ing of  the  thread  of  hght,  and  which  were  made  at  stations  of 
known  lon^tuda  Each  observation  was  then  reduced  to 
Greenwich  tune  and  to  the  center  of  the  earth. 

The  results  are  exhibited  in  the  following  tabla  The  third 
oolumn  of  the  table  shows  the  corrected  reduced  times  of  con- 
tact Next  is  given  the  aperture  of  the  telescope,  and  the  mag- 
nifrin^  power  employed  in  the  observation.  Lastly,  we  present 
a  claasmeation  of  the  phenomena  of  contact  as  described  by  the 
obeervezB. 

The  letters  Y.  C,  (vanishing  contact,)  indicate  that  the  thread 
of  light  broke  by  becoming  mdefinitely  thin,  so  that  there  was 
no  irradiation  or  distortion  of  the  planet 

The  letters  B.  D.  (black  drop)  indicate  the  appearance  of  the 
linznenti  as  shown  in  fig.  2a. 

&  £.  Indicates  that  the  time  is  that  of  the  rupture  of  the 
thread,  but  that  it  cannot  be  inferred  fix>m  the  statements  of  the 
observer  whether  the  thread  had  or  had  not  a  sensible  thickness 
immediately  before  breaking. 

A.  C.  Signifies  an  apparent  contact,  as  shown  in  fie.  8. 
When  there  is  no  black  drop  the  letters  Y.  C.  and  A.  C.  nave 
die  same  meaning.  The  letters  are  therefore  employed  only 
when  there  is  reason  to  believe  firom  the  remarks  of  l^e  ob- 
server that  the  cusps  were  roimded. 

(Inst)  indicates  that  the  observer  desc^bed  the  phenomenon 
as  instantaneouSb 

The  letters  h  and  g  refer  to  the  definition,  the  first  indicating 
fhat  it  was  bad,  the  second  that  it  was  good. 

When  there  is  no  indication  in  this  coxumn  the  observer  gives 
BO  iofbrmation  respecting  the  phenomenon. 
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Bednoed 

Time  of 

Int.  Contact. 


Obeenrer. 


Oppolzer,* 

Oppenheizn, 

Bajet, 

Le  Verrier,t 

Lynn, 

P.  J.  EAifler, 

Wolff, 

liaifl,^ 
Rosen, 
Stone,g 
Lais, 

Wagner, 

Nyren, 

FaBB, 

Diinkin,! 

Andr^ 

Argeluider, 

Oppolzer, 

Dr.  Peters, 

Villarceau, 

Lebedeff, 

DoUen, 

Miroflchnit  sohenko, 

Leakinen, 

Mandni,^ 

H.  J.  Carpenter, 

Eaaayinc^, 

Kaiser, 

Criflwick,** 

Wolf, 

Secchi, 

J.  Carpenter, 

Prof.  Peters, 

Weiss, 

Strove, 

Stephan, 

Merino, 

Duner, 

Stone, 

Baddngham, 

SokoloY, 

Kun, 


PUoe. 


Vienna, 

Bonn, 

Paris, 

Marseilles, 

Greenwich, 

Leiden, 

Bonn., 

Atalaia, 

Pulkowa, 

Greenwich, 

Rome, 

Pulkowa, 


a 


Greenwich, 

Paris, 

Bonn, 

Vienna, 

Altona, 

Paris, 

Pulkowa, 


41 
U 
It 


Rome, 

Greenwich, 

Pulkowa, 

Leiden, 

Greenwidi, 

Paris, 

Rome, 

Greenwich, 

Altona, 

Vienna, 

Pulkowa, 

Marseilles, 

Madrid, 

Lund, 

Greenwich, 

Walworth, 

Pulkowa, 

Leiden, 


h. 
20 


m. 
69 


21     0 


I 


49*3 

51-8 

67-0 

67-6 

69*2 

59*2 

1-3 

1-5 

2-7 

%'0 

4*6 

4-7 

4-7 

4-7 

4-7 

4-7 

4-9 

6-3 

6-3 

7-3 

8*3 

8-7 

8-7 

8-7 

8-7 

9*5 

9-6 

10-7 

10-8 

11-3 

11-4 

11-6 

12-6 

13-3 

13-8 

13-7 

13-7 

141 

14*2 

16-0 

17-3 

18-7 

19-0 


Aper* 
tdr^ 


4 

"'? 

3 


6 

12* 
2 
2-9 
3-7 
7-4 
2*4 
3-7 
5 

"4 

4 
7-3 
2-2 
2-2 
3-7 
3-9 

6 

? 
11 

7 

4T 

8 

7 
3-7 

3 

6 
2-6 

6 
9 


Power. 


2-8 
6 


222 
170 


78 

69 

246 

40 

145 

148 

67 

63 

300 

188 


111 

163 

70 

81 

106 

117 

60 

70 

36 

170 
200 
200 

90 
146 

40 
207 

100 
320 


226 


Character  erf 
PbenomenoB. 


B.  D.     b. 
b. 
V.  C. 

B.  D.(Inst)g. 
B.D. 
R.R.(T)    b. 

b. 
V.C.    (g.) 

B.  D. 
R.  R. 


B. 

V. 

b. 

A. 

b. 

V. 


D. 
C. 

a 
c. 


R. 
R. 

B. 

B. 

V. 

R. 

B. 

b. 

b. 

R. 

R. 

R. 

V. 

A. 

B. 


R. 
R. 

D.    b. 
D. 

a 

R. 
D.(In8t) 


R. 
R.(InBt) 

R.    g. 
a    g. 
0. 
D. 


R.R.(r)    b. 


^  **  8*  Tor  dem  Breohen  des  Ucihtfadens  schien  Mercur  gleichsam  den  Sonnoh 
rand  etwas  hinauszuchieben  so  dass  an  der  Stelle  des  Anstrittes  ein  nadi  aunem 
convexer  Liditfaden  den  Mercur  umschloes  und  dessen  Verschwinden  ich  alt  dA 
Moment  der  inneren  BerQhrung  notlrte." 

(Le  Verrier  used  a  seyen-indi  glass  with  a  diaphragm  over  the  objective. 
Three  seconds  before  this  time  the  contact  was  not  completed,  and  tfana 
seconds  later  it  was  more  than  completed. 

fA  fine  ligament  seen  several  seconds  before  the  time  recorded. 
The  planet  was  suddenly  noticed  to  assume  a  balloon  or  pear  8h^»e.    TtB 
apparent  contact  about  10*  later. 
Y  Observed  by  imase  in  camera  obscnra,  22  c  m.  in  diameter. 
^*  Instantaneous.    Time  perhaps  2*  or  3*  late. 
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Table— conUnned. 


ObMrrer. 


Qaan, 
\ 


Madrid, 

Leiden, 

Pulkowa, 

TJckfield, 

EaMenberg, 

Greenwich, 

"Wimbledon, 


Reduced 

Time  of 

Int.  Contact. 


li.   m. 


t. 
210 
23*8 
24-7 
28-5 
29*6 
311 
52-2 


Aper- 
ture. 

Power. 

10 

150 

7 

9  M 

4-2 

85 

'\ 

i35 

? 

170 

2-2 

70 

Character  of 
Phenomenon. 


B.  D.  (Inst) 
A.  C.    b. 

A.  0.  (?) 
V.  C. 
A.  C. 
R.B. 


the  preparation  of  this  table,  the  original  intention  was  to 
ide  all  oDservations  unaccompanied  with  any  statement  of 
phenomena.  An  exception  was  afterward  made  in  favor  of 
>bservations  of  Bonn  and  Pnlkowa,  so  that  in  this  respect 
5  is  a  lack  of  homogeneonsness  in  the  tabla  The  few  obser- 
>ns  of  "  apparent  contact,"  have  also  been  added,  in  the  be- 
ihat  they  would  not  be  devoid  of  interest 
le  principal  conclusion,  to  be  drawn  from  the  comparison 

exhibited,  is  that  there  is  no  discoverable  relation  between 
ime  of  observation  on  the  one  hand,  and  the  size  of  the  tel- 
pe,  the  magnifying  power,  (so  it  exceed  50  or  60)  or  the 
acter  of  the  phenomenon  on  the  other.  We  find  the  phenom- 
i  of  the  apparently  instantaneous  formation  of  the  *'  black 
►  "  to  ranee  from  20»»  59™  58-  (Le  Vender^  to  21*>  0«°  21-0 
itosa).  The  times  of  "  Vanishing  Contact  on  which  Wolf 
Andr^  lay  so  much  stress,  range  from  20*»  59™  57«  to  21*>  0™ 

If  we  reject  PohVs  observation,  the  range  will  still  be  17». 
ink  if  the  observations  of  external  contact  were  collected  and 
pared  in  the  same  way,  it  would  be  found  that  their  agree- 
t  was  as  good  as  in  the  case  of  internal  contact  So  far  as 
bave  data  for  judging,  these  differences  would  seem  to  be 
to  the  accidental  errors  of  observation.  Their  amount  in 
may  be  inferred  from  the  fact  that  15"  of  time  correspond 
change  of  V  in  the  relative  position  of  Mercury  ana  the 

conceive,  therefore,  that  we  shall  fidl  if  we  rely  mainly  on 
srvations  of  internal  contact  Still,  there  are  two  measures 
irhich  the  reliableness  of  the  determination  of  ingress  and 
SB  may  be  greatly  increased.  The  first  consists  in  having 
observer  occupy  the  entire  time  of  partial  ingress  and  egress 
niJdng  very  careful  measures  of  the  distance  of  cusps  with 
h  micrometer  as  may  be  best  adapted  for  the  purpose.  The 
)nd  consists  in  bringing  the  observers  at  opposite  stations  to- 
her,  both  before  and  after  the  transit,  and  causing  them  to 
ke  observations  on  artificial  transits  with  the  same  instru- 

^  Contact  seemed  to  be  established  simultaneously  at  several  points, 
f  Doubtftil.    Limbs  *^  certainly  in  contact  by  at  least  that  time.*' 

^  JocB.  Soi.— SBOOim  Skbibs,  Vol.  L,  No.  14&— Jult,  187a 
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menlB  employed  in  observing  the  transit  of  Venus,  in  order  to 
determine  what  correction  should  be  applied  to  the  observa- 
tions of  one  to  make  them  comparable  witn  those  of  the  other. 
It  would  be  a  comparatively  simple  operation  to  erect  an  artifi- 
cial representation  of  the  sun's  disk  at  the  distance  of  a  few  hun- 
dred yards,  and  to  have  an  artificial  planet  moved  over  it  by 
clockwork.  The  actual  time  of  contact  could  be  determined  by 
electricity,  and  the  relative  positions  of  the  planet  and  the  disk 
by  actual  measurement  with  this  apparatus  it  would  be  easy 
to  determine  the  personal  errors  to  which  each  observer  was  lia- 
ble, and  these  errors  would  approximately  represent  those  of  the 
observations  of  actual  transit 

Still,  it  would  be  very  unsafe  to  trust  entirely  to  any  deter 
mination  of  ingress  or  egress.  Understanding  the  uncertainty 
of  such  determinations,  the  German  astronomers  have  proposed 
to  trust  to  measures  with  a  heliometer,  made  while  the  planet 
is  crossing  the  disk.  The  use  of  a  sufficient  number  of  heliom- 
eters  would  be  both  difficult  and  expensive,  and  I  think  we 
have  an  entirely  satisfectory  substitute  in  photography.  In- 
deed, Mr.  De  la  Rue  has  proposed  to  determine  the  moment 
of  internal  contact  by  photography.  But  the  result  would  be 
subject  to  the  same  uncertainty  wnich  affects  optical  observa- 
tions— ^the  photograph  which  first  shows  contact  will  not  be  that 
taken  when  the  thread  of  light  between  Venus  and  the  sun's  disk 
was  first  completed,  but  the  first  taken  after  it  became  thick 
enough  to  affect  the  plate,  and  this  thickness  is  more  variable 
and  uncertain  than  the  thickness  necessary  to  affect  the  eya 
We  know  very  well  that  a  haziness  of  the  sky  which  very 
slightly  diminishes  the  apparent  brilliancy  of  the  sun,  wUl  veiy 
matenally  cut  off  the  actmic  rayE,  and  the  photographic  plate 
has  not  the  power  of  adjustment  which  the  eye  has. 

But,  although  we  cannot  determine  contacts  by  photography, 
I  conceive  that  we  may  thereby  be  able  to  measure  the  distanoe 
of  the  centers  of  Venus  and  the  sun  with  great  accuracy.  Hav- 
ing a  photograph  of  the  sun  with  Venus  on  its  disk,  we  can, 
with  a  suitable  micrometer,  fix  the  position  of  the  center  of  each 
body  with  great  precision.  We  can  then  measure  the  distance  of 
the  centers  in  inches  with  corresponding  precision.  All  we  then 
want  is  the  value  in  arc  of  an  inch  on  the  photograph  plate 
This  determination  is  not  without  difficulty.  It  will  not  do  to 
trust  the  measured  diameters  of  the  images  of  the  sun,  becanse 
they  are  affected  by  irradiation,  just  as  the  optical  image  is.  H 
the  plates  were  nearly  of  the  same  size,  and  the  ratio  offlie  diam- 
eters of  Venus  and  the  sun  the  same  in  bolh  plates,  it  would  be 
safe  to  assume  that  they  were  equally  affected  by  irradiation. 
But  should  any  difference  show  itself  it  would  not  be  safe  to  as- 
sume that  the  light  of  the  sun  encroached  equally  upon  the  dark 
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nd  of  Yenus  and  upon  the  sky,  because  it  issomucli  fidnter 

the  border. 

the  photographic  telescope  were  famished  with  clock-work, 

>Tild  oe  advisaole  to  take  several  photographs  of  the  Pleiades, 

before  and  after  the  transit,  to  mmish  an  accursrte  standard 
mparison  free  from  the  danger  of  systematic  error.  There 
tUe  doubt  that  if  the  telescopes  and  operators  practice 
;her,  either  before  or  after  the  transit,  data  may  be  obtained 

satisfiEKStory  solution  of  the  problem  in  q^uestion. 
)  attain  the  object  of  the  present  paper,  it  is  not  necessary 
iter  into  details  respecting  choice  oi  stations  and  plans  of 
nration.  I  have  endeavored  to  show  that  no  valuable  re- 
is  to  be  expected  from  hastily-organized  and  hurriedly- 
pped  expeditions ;  that  every  step  in  olanning  the  observa- 

require  carefiil  consideration,  and  that  in  all  the  prepara- 
arrangements  we  should  make  haste  very  slowlv.  I  make 
Tresentation  with  the  hope  that  the  Academy  will  take  such 
n  in  the  matter  as  may  seem  proper  and  desirable. 


.  XI. — On  the  Oeohgy  of  Eastern  New  England;  by  Dr. 
Stbbby  Hunt,  F.RS.  (From  a  letter  to  Prof  Jambs 
Dana. 

HBN,  more  than  twenty  years  since,  my  attention  was 
3d  to  the  geology  of  New  England,  there  was  no  evidence 
le  existence  between  the  old  gneisses  of  the  Adirondacks 
the  coal  measures,  of  any  other  stratified  rocks  than  those 
16  Huronian  series,  and  the  New  York  system,  from  th« 
dam  formation,  upward.  It  is  true  that  Emmons  had, 
re  that  time,  maintained  the  presence,  in  western  Vermont 
hfassachusetts,  of  a  svstem  oi  fossiliferous  sediments,  lying 
nformably  beneath  the  Potsdam,  but  the  evidence  up  to 
time  adduced  with  r^ard  to  these  so-called  Taconic  rocks, 
fisdled  to  show  that  mey  include  any  strata  more  ancient 
the  Potsdam,  while  most  of  them  are  certainly  younger, 
researches  of  Sir  William  Logan,  up  to  1848,  had  led  him 
fier  to  a  period  not  older  than  the  Lower  Silurian  the  ciys- 
le  sediments  of  the  Appalachian  re^on  of  Canada,  between 
\  Champlain  and  Quebec.  These  rorm  a  chain  of  MUs,  the 
inuation  of  the  Green  Mountains,  and  were  found  by  him  to 
allowed  immediately,  to  the  southeast,  by  more  or  less  calca- 
s  and  somewhat  altered  strata,  associate  with  Upper  Silu* 
foesilfl,  and  succeeded,  across  the  strike,  near  ^e  sources  of 
]!onnecticut  Biver,  by  a  series,  several  miles  in  breadth,  of 
oeous  schists  and  quartzose  strata,  occasionally  containing 
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chiastolite,  garnet  and  hornblenda  These  two  series  of  rocks, 
extending  from  the  base  of  the  Green  Mountains  to  Canaan 
on  the  Connecticut,  it  was  suggested  by  Sir  William  Logan,  in 
his  Report  on  the  Geological  Survey,  1847-1848,  might  be  the 
altered  representatives  of  the  rocks  of  Gasp^,  including. the 
Lower  Helderberg  group,  and  the  succeeding  members  of  the 
New  York  system  to  the  top  of  the  Chemimg.  I  then,  as  now, 
conceived  that  these  micaceous  and  argillaceous  schists,  ofkea 
holding  garnets  and  chiastolite,  were  identical  with  those  whidi 
make  so  conspicuous  a  figure  in  the  White  Mountains,  and  dae- 
where  in  Eastern  New  England,  and  when,  in  1849,  I  laid 
before  the  American  Association  at  Cambridge,  the  results  of 
the  Geological  Survey  of  Canada  (this  Jour.,  II,  ix,  19),  sug- 
gested that  to  the  Gaspe  series,  as  above  defined,  "  may  perhaps 
be  referred,  in  part,  the  rocks  of  the  White  Mountains.  Les- 
ley, subsequently,  in  1860  (Proc.  Philad.  Acad.  Nat.  ScieneeB^ 
page  363),  adduced  many  reasons  for  believing  that  the  rocks  of 
these  mountains  might  be  strata  of  Devonian  aga*  In  the  laiBe 
geological  map  of  Canada  and  the  northern  United  States,  lately 
published  by  Sir  William  Logan,  no  attempt  is  made  to  deline- 
ate the  geology  of  New  Hampshire,  but  the  rocks  in  question, 
to  the  north  of  the  United  States  boundary,  are  represented  as 
Upper  Silurian,  with  the  exception  of  a  belt  of  the  Quebec 
group,  which  has  been  recognized  in  that  region. 

In  facl^  the  schists  and  gneisses  of  the  White  Mountains  are 
clearly  distinct,  lithologically,  fi-om  the  Laurentian,  the  Lab- 
radonan  and  the  Huronian,  as  well  as  irom  the  crystalline 
rocks  of  the  Green  Mountains,  and  from  the  fossUiferous  Upper 
Silurian  strata  which  lie  at  the  southwestern  base  of  the  Caiar 
dian  prolongation  of  the  latter.  Having  thus  exhausted  tiM 
list  of  known  sedimentary  groups  up  to  t£s  horizon,  it  was  evi- 
dent that  the  crystalline  strata  of  the  White  Mountains  mtut 
be  either  (1)  of  Devonian  age,  or  (2)  something  newer  (whidi 
was  highly  improbable) ;  or  (3)  must  belong  to  a  lower  and  hith- 
erto unknown  series.  In  the  absence  of  any  proof,  at  that 
time,  of  the  existence  of  such  a  lower  system,  the  first  view, 
which  referred  these  strata  to  the  Devonian  period,  was  the  only 
one  admissible. 


^  In  this  oonnection  ehould  be  recalled  the  views  put  forth  in  1846,  by 
H.  D.  and  W.  B.  Rogers,  in  a  paper  on  the  Geological  Age  of  the  White  Moantakii^ 
(this  Journal,  n,  i,  411).  They  there,  for  the  first  time,  pointed  out  that  ^le  greit 
mass  of  these  mountains  consists  of  more  or  less  altered  sedimentary  stratai  ymA^ 
upon  the  evidence  of  supposed  organic  remains,  they  referred,  with  some  Htfs 
doubt,  to  the  Clinton  division  of  the  Upper  SUurian.  In  1847,  however,  they  an- 
nounced that  the  supposed  fossils,  on  which  this  identification  had  been  fonndadi 
were  not  really  such,  (this  Journal,  n,  v,  116).  Future  explorers  may,  it  is  hoped, 
be  more  successAil,  and  yet  discover  among  the  strata  of  the  White  Moantrini 
evidences  of  organic  life,  probably  of  primordial  Silurian  aga 
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Tien,  however,  further  investigation  showed  that  the  great 
progressive  thickening  which  takes  place  in  the  paleozoic 
ations  from  the  west,  eastward,  is  not  confined  to  the  aug- 
;ations  of  existing  subdivisions,  but  includes  the  intercala- 
of  new  ones ;  when  the  few  hundred  feet  of  typical  Pots- 
sandstone  in  New  York  are  .represented  in  Vermont, 
>ec  and  Newfoundland,  by  thousands  of  feet  of  strata 
logically  very  unlike  the  type ;  while  the  Quebec  group, 
less  in  volume,  appears  representing  the  beds  of  passage 
een  the  Calciferous  and  Chazy  divisions  of  New  York,  we 
1  to  conceive  that  conditions  of  sedimentation,  very  unlike 
liing  hitherto  suspected  in  the  west,  prevailed  to  the  east- 
When,  moreover,  we  find  widely  separated  areas  of 
adorian  and  Huronian  rocks, — remaining  jfe^nents  of  great 
s, — ^resting  upon  the  Laurentian,  fix)m  Lake  Huron  to  New- 
iland,  we  get  evidences  of  a  process  of  denudation  in  past 
not  less  remarkable  than  the  sedimentation. 

L  observations  of  last  year  have  led  me  to  a  conclusion, 
had  previously  been  taking  shape  in  my  mind,  that  there 
8  above  the  Laurentian,  a  great  series  of  crvstalline  schists, 
.ding  mica-slates,  staurolite  and  chiastohte-schists,  with 
tzose  and  homblendic  rocks,  and  some  limestones,  the 
e  associated  with  great  masses  of  fine-g*ained  gneisses,  the 
lied  granites  of  many  parts  of  New  England  The  first 
estions  of  this  were  ^ven  me  by  the  observation  of  Dr. 
bv,  confirmed  bv  specunens  since  received  bom  the  region, 
tnere  exists  to  the  northwest  of  Lake  Superior,  an  extended 
3  of  crystalline  schists,  unlike  the  Laurentian,  and  resem- 
;  those  of  the  White  Mountains.  I  have  already  called 
tion  to  this  resemblance  in  a  review  of  the  progress  of 
rican  Geology,  in  1861  (this  Jour.,  II,  xxxi,  895).  It  was 
•ary  to  my  notions  of  the  geological  history  of  the  continent 
ippose  that  rocks  of  Devonian  age  could,  in  that  region, 
assumed  such  lithological  characters,  and  I  was  therefore 
o  compare  these  rocks  with  a  great  series  of  crystalline 
ts,  abounding  in  mica-slates  and  micaceous  limestones, 
h  occupy  considerable  areas  in  the  Laurentian  re^on  in 
inffs  county,  to  the  north  of  Lake  Ontario.  The  distribu- 
of  this  series  has  been  traced  out  by  Mr.  Vennor,  who,  in 
,  was  able  to  show  that,  although  much  contorted,  it  rests 
nformably  upon  the  old  Laurentian  gneisses,  while  it  is,  at 
lame  time,  overlaid  by  the  horizontal  limestones  of  the 
ton  group.  This  intermediate  series,  which  attains  a  thick- 
of  several  thousand  feet,  is  terminated  by  calcareo-mica- 
i  schists,  in  which  Eozoon  Canadense  has  been  found,  both 
adoc  and  in  Tudor.  In  these  localities,  as  shown  by  Daw- 
ind  Carpenter  (this  Jour.,  II,  xliv,  367),  the  calcareous 
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skeleton  of  the  Eozoon,  instead  of  being  injected  by  serpentine 
or  another  silicate,  is  simply  filled  with  impure  calcareous  and 
carbonaceous  matter.  The  presence  of  this  fossil  serves  to  con- 
nect these  rocks  with  the  Laurentian  system,  with  which  th^ 
had  provisionally  been  classed,  although  their  lithological  di* 
similarit}'  had  long  been  noticed,  and  in  1866  Sir  William 
Logan  had  remarked  their  resemblance  to  the  mica-slate  serieB 
found  near  the  sources  of  the  Connecticut  River  (Report  Gtcol 
Survey,  1866,  p.  98). 

Mr.  Alex.  Murray's  report  of  his  explorations  in  Newfound- 
land, published  in  1866,  throws  much  light  on  the  history  of 
the  rocks  immediately  succeeding  the  Laurentian  in  that  r^on. 
He  found  in  the  great  northern  peninsula,  about  the  Clond 
Mountains  and  Canada  Bay,  not  less  than  6400  feet  of  strata, 
referred  by  him  to  the  Potsdam  group.  Of  these  the  lower  2600 
feet  consist  of  bluish-gray  slates,  holoing  near  the  summit,  boda 
which  become  conglomerate  from  the  presence  of  quartz  pd>- 
bles,  and  are  followed  by  a  mass  of  purplish  amygdaloidal  dio- 
rite,  holding  epidote  and  jaspery  red  iron  ore.  Then  follow 
2000  feet  of  argillaceous  and  somewhat  micaceous  slates,  with 
beds  of  quartzite  and  of  limestone,  generally  impure.  These 
contain,  besides  numerous  fucoidal  markings,  the  remains  of  a* 
Lingula,  and  of  Olenellus  Vermontanus^  a  fossil  characteristic  d 
the  Potsdam  group.  To  this  second  division  succeeds  a  third, 
consisting  of  about  900  feet  additional  of  limestones  and  slatea 
Somewhat  farther  southward,  at  Great  and  Little  Coney  Anns, 
the  lower  half  of  the  above  series  is  not  observed,  but  a  succes- 
sion of  strata,  supposed  to  represent  the  upper  portion  of  the 
Potsdam,  is  more  particularly  described.  It  consists,  at  the  base, 
of  300  feet  of  pale  bluish-gray  mica-slates,  with  iron  stains, 
**  softer,  more  finely  laminated,  and  more  uniform  both  in  color 
and  in  texture  "  than  some  micaceous  strata  described  by  Mt 
Murray  as  occurring  in  the  Laurentian  in  that  region.  To  these 
succeeded  430  feet  of  similar  soft  bluish-gray  mica-slates,  holding 
numerous  thin  seams  of  dark  colored  limestone,  and  followed 
by  1000  feet  of  impure  limestones  and  slates,  often  micaceous 
and  calcareous,  among  which  are  a  few  beds  of  white  compact 
marbla  No  indications  of  fossils,  save  fucoidal  markings,  were 
met  with  in  this  section.  At  Coney- Arm  Head  there  is  seen  a 
series  of  "  whitish  granitoid,  very  quai-tzose  mica-slates,"  which 
appear  to  have  a  thickness  of  from  1500  to  2000  feet  The 
same  rock  is  found  in  White  Bay,  where  it  overlies  what  is  sup- 
posed to  be  Laurentian  gneiss.  The  relations  of  these  whitish 
granitic  mica-slates  are  still  obscure,  but  Mr.  Murray  was 
inclined  to  regard  them  as  occupying  a  position  beneath  the 
Potsdam  group.  The  latter,  in  Canada  Bay,  is  immediately 
followed  by  the  unaltered  fossililerous  limestones  and  abides  of 
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the  Quebec  group.  From  these  investigations  of  Mr.  Murray 
we  learn  that  between  the  Laurentian  and  the  Quebec  group, 
there  exists  a  series  of  several  thousand  feet  of  strata,  including 
soft  bluish-grey  mica-elates  and  micaceous  limestones,  belong- 
ing to  the  rotsdam  group ;  besides  a  great  mass  of  whitish 
granitoid  mica-slates,  whose  relation  to  .the  Potsdam  is  still 
uncertain.  To  the  whole  of  these  we  may  perhaps  give  the  pro- 
visional name  of  the  Terranovan  series,  in  allusion  to  the  name 
Newfoundland 

Imperfect  gneisses  and  micaceous  schists  are  found  in  several 
pots  of  the  province  of  New  Brunswick,  associated  with  what 
nas  been  described  as  a  great  granitic  belt  These  rocks  have 
been  examined  by  Prof  Hind,  and  by  Mr.  Eobb,  on  the  St 
John  and  Mirimichi  rivers ;  and  the  former  of  these  observers 
some  vears  since  pointed  out  the  indigenous  character  of  the 
BOncalled  granites.  In  the  summer  of  1869 1  had  an  opportunity 
of  examining,  with  Prof  L.  W.  Bailey,  the  region  about  St 
Stephen,  on  the  river  St  Croix,  where  he  had  already  observed 
a  series  of  ferruginous  quartzites  and  imperfect  gneisses,  accom- 
panied  by  soft  bluish  mica-slates  sometimes  holding  chiastolite, 
stamolite,  and  garnet  These  highly  crystalline  schists  are  not 
more  thaii  five  miles  removed  fi"om  unaltered  shales  of  the 
Gasp^  series,  containing  fossils  of  Upper  Silurian  or  Lower 
Devonian  types,  and  rest  unconformably  upon  older  granitoid 
rocks,  which  rrof.  Bailey  regards  as  probably  Laurentian.  We 
subsequently  examined  the  crystalline  schists  of  the  St  John, 
which  are  apparently  identical  with  those  of  the  St  Croix,  and 
these  also  overlie,  unconformably,  an  older  granitoid  gneiss. 

More  recently  Prof  Hind  has  pointed  out  that  some  of  the 
so-called  granites  of  Nova  Scotia  are  ancient  gneisses,  probably 
of  Laurentian  age,  and  have  shown  that  between  these  and  the 
gold-bearing  slates  of  that  province,  there  is  found,  near  Wind- 
sor, and  near  Sherbrooke,  a  series  of  beds  of  no  great  thickness, 
consisting  of  imperfect  gneisses,  quartzites  and  micaceous 
schists,  wiiich  rest  unconformably.  on  the  Laurentian,  and  are 
sometimes  wanting  altogether,  'f  hese  include  mica-schists  with 
chiastolite  and  garnet,  and  appear  identical  with  those  already 
observed  by  Dr.  Dawson  in  other  parts  of  Nova  Scotia,  which 
I  had  already  recognized  as  the  same  with  those  of  the  White 
Mountains,  and  those  of  the  St  Croix,  just  noticed.  Prof 
Hind,  in  a  late  paper,  has  called  these,  from  their  position  in 
Nova  Scotia,  Huronian ;  but  the  Cambrian  or  Huronian  rocks 
recognized  by  Messrs.  Matthew  and  Bailey  in  New  Brunswick, 
where  they  are  widely  spread  along  the  north  side  of  the  Bay 
of  Fundy,  consist  of  massive  diorites  and  quartzose  feldspar- 
porphyries,  with  occasional  sandstones  and  conglomerates,  and 
are  veiy  unlike  the  gneissic  and  micaceous  rocxs  in  question. 
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which  I  believe  to  belong,  like  those  of  the  St  Oroix  and 
the  St  John  rivers,  to  the  great  Terranovan  series.  The  mica- 
ceous and  homblendic  schists,  with  interstratiiied  fine  grained 
whitish  gneisses  (locally  known  as  granites^  which  I  have  seen 
in  Hallowell,  Augusta,  Brunswick  and  Westbrook,  in  Maine, 
appear  to  belong  to  ^the  same  series ;  which  will  also  probably 
include  much  of  the  gneiss  and  mica-schist  of  Eastern  New 
England.  If  this  upper  series  is  to  be  identified  with  the  crys- 
tallme  schists  whicn,  in  Hastings  County,  Ontario,  overlie, 
unconformably,  the  Laurentian,  and  yet  contain  Eozoon  Camr 
dense^  the  presence  of  this  fossil  can  no  longer  serve  to  identify 
the  Laurentian  system.  To  this  lower  horizon  however,  I  have 
referred  a  belt  of  gneissic  rocks  in  Eastern  Massachusetts,  which 
are  lithologically  unlike  the  present  series,  and  identical  with 
the  Laurentian  of  New  York  and  Canada.  To  the  upper  series 
appear  to  belong  the  great  endogenous  granitic  veins  so  well 
Known  to  mineralogists  as  containing  beryl,  tourmaline  and  other 
fine  crystallized  minerala 

The  fine-grained,  white  granitoid  gneisses,  often  present  an 
apparently  bedded  structure,  which  enables  them  to  be  removed 
in  large  plates  or  layers,  lying  at  no  great  angle,  and  app^- 
ently  conformable  to  the  present  surface  of  the  country.  This 
structure,  which  I  conceive  to  have  been  superinduced  by  super- 
ficial changes  of  temperature,  is  often  quite  independent  of  the 
bedding,  as  may  be  seen  in  the  quarries  near  Augusta  in  Maine, 
and  in  the  cuttings  on  the  Grand-Trunk  Railway  near  Berlin 
Falls,  New  Hampshire.  It  is  also  observed  in  exotic  or  intru- 
sive granites,  like  those  of  Biddeford,  Maine.  This  is,  in  &ct, 
the  concentric  lamination  of  granite,  long  since  observed  by 
Von  Buch,  and,  I  believe,  correctly  explained  by  Prof  N.  & 
Shaler  to  be  due  to  movements  of  contraction  and  expansion  in 
the  mass,  caused  by  variation  of  temperature  during  tne  changeB 
of  the  seasons.     He  has  not  however  observed  this  structure  at 

freater  depths  than  from  three  to  five  feet,  while  in  some  rocks 
have  found  it  penetrating  probably  twenty  feet  (See  Shaler^s 
paper,  read  before  the  Boston  Nat  History  Society,  Feb.  3, 
1869,  and  published  in  the  Proceedings  of  the  Society,  voL  xii, 
page  289). 

While  however  I  admit  the  existence  in  the  Dominion  of 
Canada  and  in  Eastern  New  England,  of  a  great  series  of  crys- 
talline schists,  distinct  fi-om  the  Laurentian,  and  apparently  the 
same  with  those  found  by  Mr.  Murray  between  the  Laurentian 
and  the  Quebec  group  in  Newfoundland,  it  is  not  less  certain 
that  we  have  in  these  re^ons  rocks  of  Upper  SUurian  and 
Lower  Devonian  age,  holding  characteristic  fossil&  These 
strata  in  Maine  and  New  Brunswick  are  generally  but  little 
altered.     In  the  Connecticut  valley  at  Bemardston,  Massacbn- 
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letts,  near  Lake  Memphremagog  in  Vennont,  and  fiirther  north- 
ward in  the  province  of  Quebec,  fossils  of  this  horizon  are  found 
in  rocks  which,  in  some  localities,  are  more  or  less  altered  and 
srystallina  I  believe  however  that  much  of  the  calcareous  mica- 
alate  of  Eastern  Vermont  will  be  found  to  belong  to  the  Terra- 
Qovan  series.  The  extent  of  these  newer  rocks,  and  the  limits 
between  them  and  the  more  ancient  schists,  of  the  ruins  of  which 
they  are  probably  in  part  composed,  remain  problems  for  farther 
investigation.  For  tne  solution  of  these,  Prof  C.  H.  Hitchcock, 
by  his  kbors  in  Vermont,  is  already  well  prepared,  and  it  cannot 
be  doubted  that  he,  with  his  able  assistants,  will  in  the  Survey 
of  New  Hampshire,  now  in  progress,  throw  much  light  on  New 
England  geology.  It  is  worthy  of  remark,  that  strata  holding 
fossils  of  Lower  Helderberg  age,  or  thereabouts,  are  not  confined 
to  the  shores  of  Maine  and  !New  Brunswick,  and  the  vallevs  of 
the  Connecticut  and  St  John  rivers,  but  are  found  beyond  the 
Green  Mountains,  in  the  valley  of  the  St  Lawrence,  near  Mon- 
treal ;  where,  on  the  island  of  St  Helen,  they  rest  unconform- 
ably  on  the  Utica  slate,  and  at  Beloeil  Mountain,  near  by,  on 
intrusive  diorites,  which  there  break  through  the  shales  of  the 
Hudson  River  group. 

The  relations  of  this  Terranovan  series  to  the  porphyries  and 
diorite  rocks  which,  in  New  Brunswick,  have  been  caDed  Cam- 
brian and  Huronian  by  Mr.  Matthew  (first  distinguished  by 
him  as  the  Coldbrook  group),  yet  remains  to  be  aetermined. 
These  rocks  are  found  near  to  the  city  of  St  John  resting 
directly  on  what  has  been  regarded  as  Laurentian,  and  are  over- 
laid by  the  uncrystalline  schists  which  contain  the  primordial 
&una  now  so  well  known  by  the  descriptions  of  Prof  Hartt 
Rocks  which  I  regard  as  identical  with  tiiis  same  Coldbrook  or 
Cambrian  group,  are  found  along  the  coast  of  New  Brunswick, 
and  constitute  the  diorites  and  porphyries  of  Eastport,  Maina 
They  appear  moreover  to  be  the  same  with  those  met  with  near 
Newburyport,  and  at  Salem,  Lynn,  and  Marblehead,  Massachu- 
setts. Farther  researches  about  Passamaquoddy  Bay,  where 
the  mica-slates  are  found  not  far  removed  from  these  porphyries, 
will  probably  enable  us  to  determine  their  relations  to  each 
other. 

It  will  be  remembered  that  Gumbel  has  found,  in  Bavaria, 
beneath  the  oldest  fossiliferous  clay-slates,  a  mica-schist  (and  horn- 
blende-schist) series,  reposing  upon  the  Hercynian  gneiss,  which 
contains  crystalline  limestones,  with  grapmte,  serpentine  and 
Eozoon  Canadense^  and  which  he  has  identified  with  the  Lauren- 
tian of  North  America.  He  distinguishes  beneath  this  a  great 
mass  of  red  gneiss,  apparently  without  limestones,  to  which  he 
has  given  the  name  of  the  Bojian  gneiss.  It  will  however  be 
remembered,  that  in  his  studies  of  the  Laurentian  system  on  the 
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Ov.a-^x  Sir  Wi-'.iam  D^jrin  r.iis  ??. t-kt:  :::ai  this  immense  series 
♦  his  L  '-.ver  L:\ irrriTirir. ',  >•:■::.«:■  !:".•  rv  r-re:  in  tlickness,  includes 
::.-:r  .t-a:  MrkS^r^i  :  .-ei.-s  :.:..;  .".i-rj^it-r.  -livi  k-1  by  three  lime- 
sTOT.v  :  r_:i:w:io:>.  ;\l  i  :-.:i:  ::  :?  iii  :"..'?  ^i: :  -rr/.c-st  of  these,  which 
is.  ::.  >■:.:■>  ;  Ar:.-.  lO.v  r-f--:  :-.L:k.  :":.r4:  :":.'r  Eoz/yyn  C'Tuadensehs^ 
't>r-.-:.  :  :::  i.  S:::-c  •  :  "...r  1-  vrrr  j".ri>>':-?  ::  this  vast  system 
:r.iT  vrr.'  '^rll  r^*  rr^fi.:  ::.e  B- ;:.-.-  •::  '.t  ;::. r^l,  who  has  not 
r^.  j:...:.-:  ::.  B.iV:-iri:.  v ::..-: r  :'..-r  Lj.: r.. : . riin  •  L'r'i:»er  Lauren- 
rliii  :r  H.ir^riAr.  <^ri-;s.  .>e-?  Giu/.r"  :n  :he  Ila'irentian  of 
B:v.-:.r:.i.  :rA::s'.;;:-.i  :i::  i  v""  ■>:.-:■•  1  ir.  :'::-:■  Ci-a.iian  Naturalist 
lor  D.-.-ji-Z.-ir.  1^*?'^.  C  :::vc:r:;rv-?  rr.:  iir*  :•:  :h:s  kind  should 
::•?:  '  -e  :-;.:"-r;:c-l  :•.  :he  :-v-e<i:j~.-:i  :.  ::   :  .:r  Air-erican  r«x?k3. 
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Thi  C  .:::."  ::7<  ■  N.—-  r!r.-;..\-:l  i-^rv-r  a  /.rser  examina- 
:::::  :...-.7.  :..:v  ::.^v-.  -.--;:  r^.- -.-.--..'..  T"..  :?-■  ::'  Xr":^  Har.iT>shire, 
M-*-  . .  -.f-Tr^s  ..*_:  *.:'.r.:\ ::.-.:  :.  ■-  --  .  --;.:f  ii:  .r-jst  :wo,  per- 
hA:-   "^-^^-v.    r^v  frv.l  c:.:^*    ?-rv:i<      A    -v~    l^^rtilirr.  recentlv 

.  .•-     • .  .'.    -^ 'i—.   '>  ■  _         ...•*^  .-. .  .w* ■   .*_=--■. -■snri  A  Variety  so 

■::--7v.-  ::  -\  ::.•;  yr  ••.:.:. ::?  ::  :_r  :  :  mf  ;-  :r.T  :arrr.  ot  Mr. 
Brvrrl.  ^  :■:  'j.?,'-'-:  'v*i  :-^    v:". :?  i:i:.r.^  >;llf-::rs  "w-hether  it 

r  7  ■  ■••  ?.>*:  i-.  "sr.-:--.^:  ::  rj-:  v:"-  vAr.-.rr.  I  ir_:  :r.7.r:r:ted  to 
^^:V:r.^    :  :.:v  •"y:''?vr;::  -   s::..:  :i  .;i-:ii  V:-:-^  thr  '  iks:  vear: 

A ri .   T<'.   ■? :'. - -; ^ : .  * "" :  '    .:.  ?   :* irr.* ? .. - ■ :  ::: r  •^.:L   >c v -:■  rjl  ^iozeB 

.:  -;-..-■..  :•    :.::.:    ■:    ;    :^--   ^•^m"'?.       ^    -y   ;._     :.>?"t'    a:   a 

f--"     T-^;;'--  :•-    .•  v-_r:'"?  ::  :'.7    -cr.--  ;:  tjr  vill^i-e,  and 

--■"•■-"*  -~  >-^-7    :  :' ■:  -^  ■■.•^:"    :  Mr.   N.*:!:.i  :■.■.:'.  L>:k.  :he  well 

O"" .-.-'- .•■•.■-••      -.-..;.---....  _.^. '  -         "P'-ji  '  ■^•■■Tlitv 

■jT-.-.f  ■-:":■:•'.  ■■  ■:':_-..  r.  *^  *'  r  *•'■.■..■:"  ■?*  v. -.-  "  :":  th-:  r-.-lisixir 
cr-:~\"j  -  -;  TtT- :j:-  -f.  V  :—  -'  :  ^:::-^.::  rv>*>rT-i  o^^ior. 
ti^  '-'.  •  :z  ?'-r:i\  ■—:■:':.-  -■  :.  ;  •- -  .- ^^,  AIt^i  :-:zh  this 
djf.j-y-ir'-  :s  'T-/  -y:  '- :.  -.  •<  -  -  ■:-  '  V:'-^  :". ;.:  ^- e:::-.ir::^  irom 
•z.-?  *^. .-:  •?".'"  '  \  ':"  :  \<'  -  :"  ■-  :  ■  .  '  ■•■;.- \7.7  ■  :a:::ifts: 
^■-  -"    "  "'  '^"^     '"^  ■■'''  '■'  '^"      ■-'  *    :    v>-^-. ii"  :i-:s  vxistirjin 
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^niometer,  many  of  them  give  angles  nearly  as  oblique  as 
noxena  Nevertheless,  when  more  careftilly  studied  by  means 
*  the  reflective  goniometer,  accompanied  by  observations  on 
:e  &ces  replacing  the  lateral  prismatic  edges,  no  essential  dis- 
action  of  form  can  be  made  out  between  these  crystals  and 
LOse  of  columbite  or  of  tantalite.  Thej  are  all  strictly  isomor- 
lous.  An  unimportant,  though  striking  peculiarity  is  ob- 
rved  in  these  crystals,  proceeding  from  the  unusual  deyelop- 
ent  of  the  octahedral  faces,  whereby  they  possess  a  four- 
ied  pyramidal  summit  at  one,  or  each  extremity.  Very  rarely 
e  traces  of  the  terminal  plane  visible ;  and  when  seen,  the 
'e  or  the  common  goniometer  would  always  report  it  as 
ightly  wanting  in  verticality.  Its  smoothness  is  insuflScient 
r  measuring  its  position  with  the  reflective  goniometer. 
The  faces  of  the  crystals  are  wanting  in  that  high  luster  so 
equent  in  those  from  other  localities. .  In  luster,  color  and 
ren  in  general  shape,  they  resemble  on  first  inspection,  the 
rerage  specimens  of  Elba  yenites  nearly  as  much  as  they  do 
e  ordinary  Haddam  columbite, — ^the  chief  exception  being. 
At  the  narrow  faces  about  the  prismatic  edges  are  bright 
No  pavonine  tints  are  seen  m  the  present  variety.  Their 
)6ence  is  so  marked,  not  only  on  natural  planes  but  also  on 
Actured  surfiaces,  as  to  afford  a  ready  and  almost  sure  criterion 
r  distinguishing  specimens  of  this  locality  from  those  obtained 
the  old  one  of  ferainards,  where  every  crystal  and  almost 
^eiT  fragment  displays  the  blue  or  yellowish  tamisL 
Tne  color  of  the  fracture  is  perfectly  black  approaching 
tchy.  It  is  more  firm,  and  less  prone  to  crumble  than  the 
dinary  columbite.  The  fracture  is  occasionally  small  con- 
LoidaL  No  distinction  in  hardness  can  be  made  out  It  is 
jvertheless  more  easily  ground  to  a  fine  powder  than  the 
nial  mineral;  and,  when  perfectly  powdered,  presents  an 
most  black  color,  while  columbite  is  only  brownish  black, 
his  distinction  is  so  marked,  as  to  be  recognized  by  candle 


;ht 


But  the  most  remarkable  distinction  resides  in  its  lower 
»ecific  gravity,  which  may  be  said  to  be  strictly  uniform, 
ight  examples  (varying  in  weight  from  2  to  16  grams)  gave 
SI  as  the  average.  Three  of  these  gave  respectively,  5 '82, 
84  and  5 '85 ;  while  four  specimens  of  columbite  from  the 
ndnard  locality  gave  6*02,  6*08,  610  and  619, — ^the  average 
jing  6-085. 

Its  powder,  strongly  heated  in  an  open  platinum  crucible, 
St  only  02  p.  c.  in  weight,  but  changed  in  color,  by  several 
Lades,  to  a  brownish  black. 

Alone  before  the  blow-pipe,  small  fragments  had  their  edges 
jcidedly  roimded  by  msion.     Treated  in  powder  in  snmll 
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conducted  to  complete  saturation,  producing  no  precipitate, 
whereby  the  absence  of  tantalic  acid  was  inferred.* 

Anafysifl,  the  decomposition  being  effected  by  ftision  with 
potash,  gave  the  composition  as  follows : 

Metallic  acids 78*30 

Protoxyd  of  Iron 13-86 

Protoxyd  of  Manganese 7*72 

Tin  only  in  traces. 

100-28 

In  two  processes  for  the  metallic  acids,  one  by  the  decom- 
position 01  the  mineral  by  sulphuric  acid,  the  other  by  potash, 
an  exact  agreement  in  specific  gravity  was  found,  viz. :  4*06 ; 
from  which,  perhaps,  it  may  be  just  also  to  infer  the  absence  of 
tantalic  acid,  whose  density  when  pure,  though  varying  some- 
what according  to  its  mode  of  preparation,  averages  fully  one- 
third  higher  than  the  present  result 

Hermann  distinguishes  three  varieties  of  columbite,  viz. : 
(1)  with  gravity  above  5*9,  (2)  with  gravity  5*5  to  5-9,  and  (8) 
with  gravity  54;  but  it  is  very  doubtftil  whether  an  example 
of  the  mineral  under  notice  has  ever  fallen  into  his  hands,  as 
this  locality  is  of  recent  discovery.  In  conclusion,  it  may  be 
added  that  minute  coafings  of  uranochre  were  observed  in 
patches  and  specks  upon  a  few  of  the  crystals;  though  no 
evidence  of  the  presence  of  uranium  was  afforded  in  the 
mineral  itself. 

2.    Unknoum  mineral  {microlite  f)  in  Saddam  columbite. 

This  mineral  I  suspect  to  be  new.  It  has  never  fallen  under 
my  notice  until  found  among  the  productions  of  a  recent  blast- 

^  The  foUowing  reactioiiB  were  obtained  in  testing  a  solution  of  the  above  oom- 
poond  of  soda  witii  the  metallic  add;  with  protonitrate  of  mercury,  a  curdy,  dense 
precipitate  of  a  pale  jeUowish  white,  which  after  fifteen  minutes  assumed  a  green 
tint:  with  corroeiYe  sublimate,  no  precipitate,  but  by  slight  evaporation,  it  Sick- 
ened, and  by  drying,  still  farther,  a  red-brown  oxydiilorid  of  mercury  was  deposit- 
ed ;  soiphate  of  soda  gave  no  precipitate,  but  sulphate  of  potash  a  feeble  one  after 
a  tttde  standing;  ferrocyanid  of  potassium,  no  diange  at  first,  but  a  pale  vellowish 
one  afterwards;  phosphoric  add  rendered  the  solution  feebly  opaline  at  the  end  of 
two  hoars:  cyanid  of  potassium  produced  immediately  a  thick,  white  predpitate; 
infturioQ  or  nut-galls  no  effect  until  a  drop  of  hydrodiloric  add  was  added,  when  a 
thick,  orange-red  predpitate  appeared ;  uitric  add  gave  an  abundant  predpitate 
iSbaX  did  not  dissolve  by  heating ;  hydrochloric  acidproduced  a  voluminous  pre- 
cipitate; a  portion  of  the  solution  was  evaporated  to  ^th  its  bulk,  whereby  a  por- 
tioa  of  Uie  salt  was  thrown  down,  which  was  redissolved,  with  exception  of  a  faint 
qpafinity  in  the  liquid ;  nitrate  of  silver  added  to  this  last  solution  produced  an 
abundant  ])ale  yellow  predpitate  that  was  redissolved  by  boiling,  a  few  drops  of 
ammonia  changed  its  color  to  brown,  a  larger  quantity  dissolved  it  entirely,  and  by 
drying  in  porcelain,  it  became  first  brown,  than  black.  The  foregoing  reactions  are 
those  heretofore  supposed  to  belong  to  the  soda  mltB  of  niobium,  or  columbium : 
but  it  is  probable  that  they  may  be  shared  to  some  extent  by  those  of  the  allied 
metal,  flmenimn. 
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ing  of  the  coliunbite  at  the  Brainard  locality.  It  occurs  venr 
sparingly  (for  the  most  part  requiring  the  use  of  the  microscope 
for  its  detection),  occupying  the  sides  of  open  crevices  in  large 
crystals  of  columbite,  and  also  between  the  surfaces  of  these 
crystals  and  feldspar.  At  first,  I  was  led  to  suspect  them 
to  be  cassiterite;  but  blow-pipe  examination  with  soda  on 
charcoal  only  afforded  minute  traces  of  tin.  The  high  ada- 
mantine lustre  next  suggested  zircon  and  tungsten.  The  color 
was  intermediate  between  that  of  wohlerite  and  monazite ;  but 
a  closer  examination  showed  a  wide  divergence  in  other  proper- 
ties from  either  of  these  species. 

Apparently  equilateral  triangular  planes  were  detected ;  and 
finally  p<^rtions  of  both  pyramids,  which  leave  little  doubt  that 
the  form  is  that  of  the  regular  octahedron,  especially  as  two  of 
the  solid  angles  were  each  similarly  replac^  by  tour  planes, 
resting  on  the  octahedral  faces.  To  verify  this  conjecture  of 
a  cubic  primary,  will  require  the  breakmg  up  of  the  only 
specimens  I  possess  of  the  crystals,  which  for  the  present  1 
defer  in  the  hope  of  obtaining  other  examplea  The  hardness 
is  5*  to  5*6.  Brittle,  fixicture  conchoidal,  semi-transparent  to 
translucent  Luster  of  fracture,  resinous ;  that  of  surface  of 
crystals,  adamantine.     Streak  yellowish  white. 

Before  the  blow-pipe,  infusible.  After  long  heating,  it  loses 
its  brown  tint,  and  while  still  hot,  assumes  a  feeble  citron 
yellow  color,  which  becomes  paler  on  cooling,  when  it  is  seen 
to  have  lost  much  of  its  luster,  and  is  also  less  translucent 
With  microcosmic  salt  in  the  outer  flame,  it  slowly  dissolves 
into  a  perfectly  colorless,  transparent  glass ;  but  in  the  interior 
flame,  it  becomes,  while  warm,  slightlv  milky  with  a  tinge  of 
blua  An  intermittent  flame  produced  the  same  transparency 
and  tinge  of  blue.  Long  continued  heating  produced  no  trace 
of  brown,  violet,  amethyst  or  yellow.  The  addition  of  tin 
gave  a  bluish  white  semi-opaque  pearL 

It  approaches  most  nearly  to  the  microlite,  but  differs  from  it 
in  the  absence  of  all  cleavages  as  weU  as  in  luster  and  in  its 
behavior  before  the  blow-pipa  Its  mode  of  occurrence  and 
properties  lead  to  the  suspicion  of  its  being  chiefly,  if  not 
wholly,  composed  of  one  of  the  metallic  acids  of  the  coliunbium 

Soup.  The  microlite,  though  occurring  within  a  few  yards  of 
e  columbite  at  Chesterfield  and  in  the  same  ledge  of  granite, 
was  never  seen  associated  with  this  species,  but  invariably  pre- 
sents itself  either  in  the  albite  or  crystals  of  tourmaline,  while 
the  present  mineral  at  Haddam  occurs  solely  in,  or  upon,  the 
columbite. 

8.  New  hcality  of  Bismuthine  and  Bismutite  in  Haddam. 

About  thirty  years  since  I  pointed  out  the  existence  of  both 
^ese  species  ana  a  third  bismuthic  mineral,  the  bismucone,  as 
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isting  together  in  small  quantity,  associated  with  chrysoberyl, 
low  oeiyl,  columbite,  garnet  and  a  zircon  mineral  which  I 
erwards  called  calyptolita  Mr.  Ames  has  lately  procured 
me  large  crystalnne  masses  of  bismuthine,  more  or  less 
ited  by  bismutite,  from  a  quarryman  who  had  discovered 
5m  on  the  iolite  hill,  situated  about  one  mile  to  the  southwest 
the  meeting-house.  They  had  apparently  formed  a  narrow 
im  in  the  common  orthoclase  granite,  which  had  been  opened 
th  a  view  to  working  as  a  porcelain-feldspar  quarry.  One  of 
5  specimens  weighs  about  half  a  pouna ;  and  constitutes  a 
eply  striated  or  channeled  crystal  The  mineral  was  supposed 
be  molybdenite.  Examined  before  the  blow-pipe,  it  affords 
indications  either  of  tellurium  or  selenium. 

^   On  ike  metallic  add  in  Microlite, 

[t  having  been  suggested  by  Prof  Brush,  from  blow-pipe 
periments*  and  the  higher  percentage  of  the  metallic  acia  m 
s  mineral,  that  it  is  the  tantalic  instead  of  the  columbic,  I 
ide  the  following  experiments  upon  two  small  crystals  whose 
ight  together  was  0'850  gram.  It  was  decomposed  by 
don  wim  bisulphate  of  potash,  cold  water  dissolved  the  mass, 
lich  afterwards  deposited  a  white  granular  precipitate,  the 
sar  supernatant  liquid  not  showing  even  an  opaline  tendency 
ebuntion.  The  white  precipitate  after  ignition  gave  72*80 
c.  for  the  metallic  acid.  It  evinced  scarcely  the  slightest 
Qow  tint  when  hot ;  and  when  cold,  was  perfectly  white. 
A  portion  of  it  gave  with  microcosmic  salt,  a  perfectly  clear 
iss,  which  showed  only  a  faint  yellowish  tinge  while  hot 
le  addition  of  sulphate  of  iron  produced  a  blood  red  tint 
len  heated  in  the  inner  flame ;  on  cooling,  it  changed  to 
•ty  yellow.  With  borax,  it  dissolves  almost  without  color, 
ing  only  a  faint  greenish  yellow  ;  but  the  globule  inclines  to 
acity.  No  tinge  of  violet  or  pink  is  visible. 
Fused  with  soda,  the  metallic  acid  afforded  a  bluish  gray 
kss.  The  excess  of  alkali  being  removed  by  cold  water,  the 
dition  of  more  water  took  up  the  residuum.  A  portion  of 
18  solution  on  being  acidulated  with  hydrochloric  acid,  and 
erwards  treated  wim  solution  of  nutgalk,  gave  a  very  yellow 
inge  precipitate,  quite  different  fix)m  that  produced  by  colum- 
i  acid,  which  when  contrasted  therewith  was  seen  to  have  a 
ep  reddish  tintf  as  compared  with  columbic  acid. 
"Hie  chief  portion  of  the  sodio  solution  was  then  super- 
unrated  with  carbonic  acid,  and   gave    rise    to  a   decided 

^  Dana's  Mineralogy,  p.  514. 

^  There  was  a  want  of  oorrespondenoe  also  in  the  reactions  of  the  metaUio  acid 
I  soda  compound,  with  nitrate  of  silveri  nitrate  of  mercury,  oorrosiye  sublimate 
1  fenoGyaQid  of  potassium. 
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Srecipitata     Prom  the  foregoing  results,  it  would  seem  little 
oubt  remains  that  microlite  is  a  tantalate  rather  than  a  colum- 
bate  of  lime. 

5.  Bedondite. 

I  have  examined  still  farther  the  hydrous  phosphate  of 
alumina  and  iron  described  by  me  in  a  previous  number  of 
this  Journal  (voL  xlvii,  p.  338),  as  occurring  so  abundantly  in 
the  island  of  Eedonda,  W.  L,  and  am  now  of  the  opiuion  that 
it  constitutes  a  species  distinct  from  barrandite,  from  which  it 
differs  in  several  particulars,  and  essentially  in  specific  gravity. 
Barrandite  has  gr. =2 '576.  Redondite  gives  gr.=2*019,  which 
may  be  presumed  to  be  a  little  too  high,  as  the  three  examples 
used  in  the  determination  were  found  on  analysis  to  give  8*8 
p.  c.  of  silica. 

The  phosphoric  acid  was  determined  on  the  same  specimens 
by  the  molybdate  of  ammonia  process ;  and  amounted  to 
40192  p.  c.  But  as  the  silica  (8*8  p.  c.)  was  obviously  acci- 
dental, the  proportion  of  phosphoric  acid  in  the  pure  minend 
will  stand  at  44*07  p.  c.     The  water  is  24 '78  p.  c 

6.  Phosphoric  acid  in  the  Diaspore  of  Chester^  Mass. 

Heermann  having  found  phosphoric  acid  in  the  diaspores  of 
several  localities,  I  thought  it  worth  while  to  analyze  a  good 
crystal  of  this  mineral  firom  Chester.  It  was  semi-transparent 
and  of  a  rich  hair-brown  color  with  a  faint  tin^e  of  violet 
Sp.  gr.=3'343.  The  phosphoric  acid  was  determined  by  the 
molybdate  of  ammonia.     I  obtained 

Water, 16-80 

Phosphoric  acid, 0*82 

Protoxyds  iron,  with  traces  of  manganese 0*38 

Alumina  not  determined ;  but  by  dmerence 88*50 

100-00 
7.  The  PeJham  Vermiculite  f 

It  occurred  to  me  as  possibly  interesting  to  make  some 
chemical  examination  of  this  rather  curious  exfoliating  mica, 
described  by  Mr.  Adams  in  a  late  number  of*  this  journal  (vol 
xlix,  p.  271).  It  is  very  abundant,  and  to  the  eye  apparently 
as  homogeneous  as  other  softened  micas. 

It  loses  on  an  average  7  p.  c.  of  water  by  ignition.  By  diges- 
tion in  hot  aaua  regia,  half  its  weight  comes^  into  solution, 
leaving  behind  50  p.  c  of  minute,  colorless  scales,  cLoaeij 
resembling  margaric  acid.  They  are  so  remarkable  for  tiheir 
uniformity  of  size,  fireedom  fixjm  color,  and  pearly  luster,  as 
scarcely  to  suggest  their  inorganic  composition.  Under  the 
microscope,  however,  they  very  nearly  give  the  distinot  latmJ 
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eavage  lines  of  mica ;  nor  have  they  the  perfect  elasticity  of 
true  mica.  They  show  no  tendency  to  farther  exfoliation 
hen  heated ;  before  the  blow-pipe  they  melt  with  difficulty 
a  the  edges  into  a  colorless  glass.  Prof  DesCloizeaux  was 
ind  enough  to  examine  some  of  these  scales  optically ;  and 
>iind  them  to  be  uniaxial,  from  whence  it  is  probable  that 
ley  belong  to  the  species  biotita 

The  solution  in  aqua  regia  afforded  the  following  result  in 
iference  to  100  parts  of  the  dissolved  material. 

Alumina 1400 

Magnesia 13-68 

Peroxyd  of  iron 32  00 

Silica 24-00 

No  search  was  made  for  alkalies ;  but  from  the  result  obtained 
t  is  apparent  that  the  magnesia  in  part  explains  the  use  made 
)Y  the  farmers  of  this  material  for  a  fertilizer,  as  described  by 
u.  Adama 

The  point,  however,  which  most  interested  me  was  the  dis- 
X)very  thus  accidentally  made  of  the  cause  of  the  worm-like 
exfoliation  in  the  mineral,  viz :  from  the  coating  of  the  mica 
scales  with  a  hydrated,  argillaceous  mixture,  which  probably 
owes  its  origin  to  the  decomposition  of  some  other  species  of  the 
oiicaceous  or  chloritic  family.  In  subjecting  a  fitigment  of  the 
venniculite  of  Millbury,  Mass.,  to  a  similar  action  of  aqua  regia, 
the  result  was  an  abundance  of  brilliant  green  scales,  probably 
bdonging  to  the  apecies  ripidolite.  It  may  therefore  be  sug- 
gestea,  that  many  earthy  species  of  minerals  (silicates)  will  under 
analogous  treatment  be  found  to  be  less  homogeneous  than  has 
l)een  supposed. 

Amherst,  liaj  7,  1870. 


Art.  XUL — Notice  of  a  new  Species  of  Oavial  from  the  Eocene 
(^  New  Jersey ;  by  Professor  0.  C.  Marsh,  of  x  ale  College. 

The  Museum  of  Yale  College  has  recently  received  some 
interesting  reptilian  remains  from  the  Eocene  p-eensand  of  New 
Jeisey,  wnich  indicate  a  new  species  of  Gavial,  considerably 
smaller  than  any  Crocodilian  neretofore  discovered.  These 
specimens,  which  were  found  together,  and  are  evidently  parts 
of  the  same  skeleton,  consist  of  various  fragments  of  the  skuII, 
«id  ten  vertebrae.  The  coossification  of  the  neural  arches  of 
tbe  vertebrae,  and  the  almost  entire  obliteration  in  some  of  them 
of  the  sutures,  would  imply  that  the  individual,  although 
diminutive,  was  nearly  or  quite  mature. 

^  JOUK.  80L— SSOOND  SSBIBS,  VOL.  L,  NO.  148.— JULT,  1870. 

7 


98     Q.  C  Marsh  on  a  ntv:  species  cj  Gavialfrtym  Xew  Jersey, 

The  fc':^  r-ordoiL^  of  the  skiill  rreserve^i  are  sufficiently  char 
acteriftic  to  show  that  the  ar.iinaf  liCid  ai:  elongated  muzzle,  and 
that  ii»e  upper  and  j<»sit:nor  part*  of  the  head  were  of  the  gavial 
tvf-e.  The  form  *A  the  r^rietal  lone  indicates,  moreover,  that 
tLe  temporal  apenures  were  hirge,  and  neiT  together,  with  their 
adjoining  sidrs  nearly  vertical.  The  quadrates  are  elongate, 
unusually  straiL'h:  on  the  inner  side*  and  their  condylar  siir- 
fiaces  deeply  and  obliquely  notchei  The  pneumatic  foramen, 
on  the  upper  suniioe  of  the  qua-irate  near  the  inner  edge,  ia 
verv  large,  and  characteristic.  The  teeth  of  tins  sj^ecimen  were 
unlorranatelv  not  secure*! 

The  veneV-rae  are  vrell  preser\-ed.  and  present  marked  char- 
acters. The  articular  cup  is  trans^-ersely  oval  in  the  cervicalB 
and  anterior  dorsals.  an*i  has  its  upper  margin  depressed  in  the 
pc^enor  dorsals.  The  hypap<?physes  are  simple  and  elongate 
The  neural  canal  of  the  cervical  and  anterior  dorsal  series  is 
transverse,  and  sub-rectanguhir  in  outline,  and  the  floor  unnsn- 
allv  bri-ad  and  Sat.  In  the  posterii?r  dorsals  the  canal,  althongii 
Bti!l  trans^-erse,  becomes  less  rectangular,  with  the  broader  por 
tion  above. 

The  principal  dimensions  of  the  tenth,  or  first  dorsal,  verteba 
are  as  follows : — 

Lencrth  of  centnun,        .... 
Transverse  diameter  of  cup, 
Vertical  tliameler  of  cup. 
Width  of  neural  canal,  m  front. 
Height  of  neural  canaU  in  front,     - 

The  species  here  described  mav  perhaj:^  prove  to  be  genos- 
cally  identical  with  the  one  nameii  bv  the  writer  Thefxidiaiajm 
Squanken-^i?,  which  is  the  only  Crocodilian  liitherto  found  in  the 
Eocene  of  New  Jersey.  The  genus  Thecachampsa^  however,  as 
proposed  by  Pmf  Cope,  cannot  vet  be  regarded  as  a  valid  one, 
rince  the  concentric  structure  ot*  the  dentine,  on  which  it  isu 
founded.*  is  not  a  character  of  generic  importance :  for  it  ocean 
in  various  other  Crocodilians,  and  also  in  some  of  the  Cetatm 
The  present  remains,  therefore,  may  be  placeil  provisionally  in 
the  crenus  Gavirdis,  and  the  species  be  called  GaviaUs  mmar. 
It  may  readily  be  distinguished  from  Thecachamptsa  SgnctnieiuUt 
aside 'from  its  greatly  inferior  size,  by  the  posterior  donil 
vertebrae,  which  have  the  cup  and  neural  canal  transveoe^ 
instead  of  vertical,  and  especially  bv  having  the  bodies  of  ther* 
vertebrae  proportionally  more  elongate "  and  without  tlie 
remarkable  constriction,  which  is  one  of  the  most  striking 
characters  of  the  latter  species. 

*  ProoeedingB  FhilAdelphia  Acad.  Nat  Sdenoes,  186T,  p.  143. 
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present  specimens  indicate  that  the  animal  to  which  they 
d  was  quite  slender,  and  about  six  feet  in  lengtL  They 
und  by  Hugh  Hurley,  Esq.f  in  the  Eocene  creensand 
k  Eiver,  Monmouth  county,  New  Jersey,  ana  by  him 
3d  to  the  Museum  of  Yale  College. 

ayen,  Conn.,  June  lOtb,  1870. 


lIV. — On  Hydrogenium-amalgam ;  by  O.  LoEW,  of  the 
Collie  of  the  City  of  New  York.* 

:n  zinc-amalgam  is  shaken  with  water,  a  slow  decompo- 
f  the  latter  takes  place,  recognized  by  the  formation  of 
of  hydrated  oxya  of  zinc,  and  the  evolution  of  small 
I  of  hydrogen  on  allowing  the  mixture  to  stand  for  a 
This  aecomposition  of  water  by  zinc  is  intensified  when 
quantity  oi  bichlorid  of  platinum  is  present ;  a  spongy 
len  being  formed  on  the  surface  of  the  zinc-amalgam. 
)dy  I  have  found  to  be  an  alloy  of  hydrogenium  and 

Y- 

der  to  obtain  the  hydrogenium-amalgam  on  a  larger  scale, 

lalgam  containing  a  few  per  cents  of  zincf  is  shaken 

fhly  with  about  an  equal  volume  of  a  solution  of  bi- 

of  platinum  containing  about  10  per  cent  of  the  chlorid, 

ing  taken  to  keep  the  mixture  cool.     The  zinc-amalgam 

ip  considerably,  precisely  as  in  the  ammonium-amalgam 

lent,  and  continues  to  evolve  hydrogen  till  the  decompo- 

f  the  amalgam  is  complete.     I  have  found  that  the  vol- 

'  the  hydrogen  thus  developed  was,  in  several  experi- 

from  100  to  150  times  that  of  the  mercury  employed. 

rdro^en  possesses  a  faint  but  peculiar  odor. 

n  this  amalgam  of  hydroeenium  (prepared  with  about 

3ent  of  zinc^  is  pressed  directly  after  its  preparation, 

1  sheets  of  filterinff  paper  and  then  spread  out  in  a  layer 

>  thin)  to  the  air,  the  temperature  soon  rises  considerably, 

x>r8  of  water  ar^  fomiedfwUch  may  be  condensed  in  a 

ceiver.    The  finely  divided  platinum  present  is  obviously 

86  of  this  rapid  ox ydation  of  the  hyctogenium.     In  this 

>f  platinic  chlorid  upon  zinc-amalgam  oxychlorid  of  zinc 

e  same  time  formed ;  and  though  this  may  be  removed 

08  of  hydrochloric  acid,  vet  by  this  treatment  a  part  of 

irogenium-amalgam  is  dfestroyed.     If^  after  this,  it  be 

before  the  Ljoeiim  of  Natural  History,  Ohemical  Section,  Apr.  11. 
ic-amalgam  oontaimng  more  than  6  per  oent  of  zino  is  a  solid,  and  in  this 
7t  well  fitted  for  use,  Siough  it  would  doubtless  produce  more  hjdrogenium 
algam.    A  zmc-amalgam  of  5  per  cent  if  leaculy  Uquifled  at  a  modsrate 
should  then  be  immediately  used. 
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wr:.-'::el  T::h  t^-jl^^t.  it  un  iorj^'-es  -i  v»?ry  5':''^  decomposition, 
the  V-  Iirr.c  ir.oreases  anl  b'l::!. '.'.--  ■;■:  V.v-lroi:en  osoaj>e  through 
tLv  -^rarer  jil-. ve.  An  adlirl:::  o:  zir. ;-ar^aigam  or  soiiium- 
aini:'.^:-.::.  «'r;\:'.v  arxelerr::es  :he  •:;•>: i-i^r-isition  of  the  hydro- 

Pl:i::i:-i:::  aiviT  ier:e:t  a:::a'.^ina::o:i  -Iv-j-?  not  aet  as  eneigeti- 
cailv  ::s  in  its  unseen:  state:  i.  e..  when  precipitated  on  the 
a::i:?.LriiLL  When  j  :atinuia-arr.:tlir:.:ii  is  mixeii  with  zinc-amal- 
gLim  the  •iec'i'invisition  o:  the  water  I v  zinc  is  extremdj 
slow  an:l  the  hyirogeni  .;n:-i.ni:i'.raiQ  dc^es  not  appear  for  some 
tinte.  Unlvr  certain  c-'ii-iirirns  nir-rei'ver.  the  hyrlrogeniimh 
ainal^'am  is  ronnei  without  the  a:  i  ?:  platinic  chlbriA  I  had 
at  one  rime  about  twenty  T>:^un  Is  •: :  zn-yix-iry  containing zinc^ 
which  was  left  stanJing  in  a  rottlt  with  water  for  three  weeks; 
the  hylroxreniuni-aniai^ani  f.^miei  'in  the  surface  of  the  mO' 
c-ir;.-.  gr^adually  Jeconit^'sing  a\-:ve  ani  l>eing  renewed  fiom 
t-el'.'W. 

Grfihain  oomr-ares  hvdn?*:eniii:n  to  the  active  modification  of 
oxygen,  an.i  n:*  lo'ib:  there  is  niuoh  analogy  between  them. 
We  may  ii.-tin^Tiish  three  mo'.iinoations  0:'  hvtiroeren ;  namelj, 
ill  oinimj-n  /■•.?>';•: -.f  hyir:»^en  i-'mied  by  the  action  of  sodinm- 
atnal^'j.n:  on  water.  ■:r  bv  tnat  tif  zin:-  ani  hv^m^cliloric  acid;  it 
Las  a  str.n^'  re-r.ioing  r-.^wer  b  it  cannot  form  hydrogeniuni- 
anial^ani :  '2^  C'r-ninion  ^.ise-^us  hyir-^zen  which  has  at  common 
ten:;  era tu res  only  a  very  weak  r»>l;cir.g  y-:>wer:  and  (3)  hydro- 
gen:i;::L  T"..ere  are  reasons  tor  lelieving  that  these  diffeiences 
may  ^-e  exj.ressc'.i  by  the  tbilowini:  tonnulie: 

'0]  A*^L  [00]  0 

ALiozone  Ccsini.L:  -'xt^^s  Ozone 

:h]  :hh:  [hhjh 

Cozi:2:n  3ascen:  or  Cocin::::  ^asc:'-5  or  HTircgt^Dium 
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Edward  S.  >f orse. 

At  a  meeting  of  the  Boston  Society  of  Natural  Histoiy,  " 
June  1st,  1^7'>.  Mr.  Eiwani  S.  3kIorse  made  a  verbal  commuiii'  ^ 
cati'-vn  on  the  j^^sition  of  the  Brachioixvia  in  the  animal  king-  * 
dom.     He  referre^i  to  the  branch  of  \lollusca  as  it  was  under 
atoo-i  I'jrty  years  ago.  when  misled  by  external  characters,  miny 
wormsw  like  &rpula  and  Spinyr^'i^^  and  a  group  ot  CrostaceanSr 
the  Cirripedia.  were  included  with  mollusks,  and  that  firom  » 
proper  recognition  of  their  characters  these  diverse  forms  had 
•  Abemcs  from  Prooeedings  Bo«toa  Sodecr  Xttoiml  Hinoiy. 
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I  eliminated  from  time  to  time,  and  referred  to  their  proper 
Lches.  After  long  and  careful  study  Mr.  Morse  was  pre- 
d  to  state  that  the  Brachiopods  were  true  Articulates,  and  not 
Insks,  and  that  their  proper  place  was  among  the  worms, 
ling  a  group  near  the  tubicolous  Annelids. 
!e  stated  that  for  the  past  year  he  had  been  deeply  engaged 
he  study  of  the  Brachiopoda,  and  more  particularly  their 
Y  stages.  Beside  material  from  the  coast  of  New  England, 
lad  had,  through  the  kindness  of  Prof.  A.  E.  Verrill,  a  large 
of  Discina  from  Callao,  Peru,  belonging  to  the  Yale  Col- 
Museum.  From  these  he  had  studied  their  early  sages, 
as  he  had  in  preparation  a  memoir  upon  the  subject,  he 
Id  now  confine  himself  to  the  considerations  that  follow. 
[e  first  spoke  of  the  structure  and  composition  of  the  Brach- 
id  shell,  and  pointed  out  the  relations  between  the  coecal 
ongations  of  the  mantle  in  Terebratula  and  a  similar  struc- 
\  in  the  test  of  Crustacea.  He  had  also  noticed  a  marked  re- 
blance  between  the  polygonal  cells  in  the  shell  of  a  young 
mo,  and  a  similar  feature  in  certain  lower  Crustaceans, 
t  Bcale-like  structure  of  the  test  of  Idotaea,  resembled  the 
e-like  structure  of  Lingula.  The  skin  of  Nereis  had  similar 
etures  or  dots,  as  seen  in  Terebratula  and  also  in  the  pedun- 
of  Lingtda,  He  had  submitted  the  shell  of  Discina  to 
nical  tests  and  believed  it  to  be  chitinous.  Gratiolet  had 
ady  given  the  chemical  analysis  of  Lingula  anatina  and 
id  forty  two  per  cent  of  phosphate  of  lime,  and  only  six 
cent  oi  carbonate  of  lime.  The  position  of  the  valves  of 
Brachiopoda  were  dorsal  and  ventral,  and  this  was  a  strong 
culate  cnaracter  to  be  compared  to  the  dorsal  and  ventral 
«s  of  the  Articulates.  The  homy  setae  that  fringe  the  man- 
of  Brachiopods  was  a  feature  entirely  absent  in  the  Mol- 
»,  and  peculiar  to  the  worms. 

'he  bristles  of  worms  differ  from  those  of  other  articulate 
nals  in  having  sheaths  containing  muscular  fiber,  while  in 
er  Articulates,  the  hairs  were  simply  tubular  prolongations  of 
epidermal  layer.  In  Brachiopods  the  setse  or  bristles  were  se- 
fcea  by  follicles  imbedded,  or  surrounded  by  muscular  fibers, 
I  were  moved  freely  by  the  animal  In  the  structure  of  the 
B  he  found  an  identity  with  that  of  the  worms.  He  then 
led  attention  to  the  resemblance  between  the  lophophore  of 
Brachiopods  and  a  similar  structure  in  the  tubicolous  worms. 
SabeUa  the  cephalic  collar  was  split  laterally,  and  a  portion 
it  reflected.     Let  this  collar  be  developed  so  as  to  cover  the 

Sed  arms,  and  a  representation  of  the  mantle  of  Brachiopoda 
d  be  attained.  The  thin  and  muscular  visceral  walls 
gest  similar  parts  in  the  worms.  The  circulating  system  he 
I  not  sufficiently  studied,  though  Dr.  Gratiolet  had  stated 
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that  in  this  respect  there  was  a  strong  resemblance  to  the  Cnifr 
tacea 

In  regard  to  the  respiratory  system,  Burmeister  had  shown 
that  there  was  a  resemblance  between  the  soft  folds  or  lamdlg, 
developed  on  the  internal  surface  of  the  mantle  of  BalanidBy 
and  similar  features  in  Lingula ;  though  the  existence  of  these 
folds  in  Lingula  had  been  questioned,  he  would  presently  shot 
that  Vogt  was  right  in  his  observations.  In  regard  to  the  repro* 
ductive  system,  he  called  attention  to  the  fact  that  in  one  group 
of  Cirripeds  the  ovaries  were  lodged  in  the  upj^er  sur&ce  of  toe 
peduncle,  while  in  another  group  the  same  parts  were  lodged  in 
the  mantle.  A  similar  condition  existed  in  the  Brachiopodi 
where  in  one  group  the  mantle  holds  the  ovaries,  while  in  another 
group  thev  are  found  in  the  visceral  cavity. 

ThrougTi  Polyzoa  also  he  showed  that,  in  their  winter  eggs  or 
statoblasts,  a  relation  was  seen  to  the  ephippia  of  Daphnia,  and 
the  winter  eggs  of  Eotifers. 

.  Of  great  importance  also,  and  iiix)n  which  he  laid  parfciciilir 
weight,  were  the  peculiar  oviducts  with  their  trumpet-shaped 
openings  so  unlike  the  oviducts  of  mollusks,  and  as  he  beliered, 
bearing  the  closest  affinity  to  the  oviducts  in  many  of  the 
worms,  namely :  a  pair  of  tubes,  and  in  one  case  two  pairs,  hav- 
ing their  inner  apertures  with  flaring  mouths,  suspended  in  lie 
visceral  cavity,  thus  opening  a  direct  communication  between 
the  ^dsceral  fluids  and  the  surrounding  media.  He  then  caQed 
attention  to  what  little  information  we  had  regarding  the  em- 
bryology of  the  Brachiopods.  Lacaze  Duthiers  had  shown  that 
in  Thecidium  the  embryo  was  composed  of  four  segments  with 
eye-spots  and  other  strong  articulate  features.  Fritz  Mtiller  had 
given  a  description,  with  figures,  of  the  early  stage  of  ZHadna^ 
in  which  we  have  not  only  little  cirri  projecting  from  the  shell, 
but  a  little  appendage  recalling  the  plug  or  operculum  in  some 
of  the  tubiculous  worms. 

Of  great  imix)rtance  also  was  the  fact  that  in  the  early  stage 
of  Discina^  Mtiller  observed  large  bristles,  and  these  were  moved 
freely  by  the  animal  Smitt  had  shown  that  in  certain  Polyzoa 
{Lepralia)  the  embryo,  besides  being  furnished  with  cilia,  also 
suj)portca  several  bristles  or  seta3  which  were  locomotive,  and 
finally  in  the  worms,  Clapar^de  and  Mecznikow  had  figured  an 
embryo  of  Nerine  in  which  barbed  bristles  were  also  developed. 
Mr.  Morse  referred  to  his  communication  before  the  Amencan 
Association  for  the  Advancement  of  Science  on*  the  early  stages 
of  the  Brachiopods,  in  wliich  he  had  shown  the  intimate  connec- 
tions existing  between  this  group  and  the  Polyzoa.  Now  Leuck- 
art  had  already  seen  reasons  for  placing  the  Polyzoa  with  Ae 
Annelids,  and  he  would  call  attention  to  Orepina  gracilis  and 
Pharronis  hippocrepia^  admitted  to  be  worms  or  early  stages  of 
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,  and  their  close  resemblance  in  nearly  every  points  their 
aire  to  the  hippocrepian  Polyzoa.  Mr.  Morse  then  stated 
n  the  evidence  abeady  given,  he  had  drawn  his  conclu- 
firom  alcoholic  specimens  of  Terebratula  and  Discina,  and 
the  papers  of  Lacaze-Duthiers,  Clapar^de,  Mecznikow, 
ock,  Huxley,  Vogt,  Hyatt,  Williams,  De  Morgan  and  oth- 
He  felt  the  importance  of  first  examining  Lingvla  in  a 
I  condition  before  making  these  announcements  and  for 
eason  he  had  recently  visited  the  coast  of  North  Carolina 
le  express  purpose  of  finding  if  possible  the  rare  Lingula 
nidata  of  Stimpson,  first  discovered  by  Prof.  Agassiz  in 
1  Carolina.  After  nearly  a  week's  fruitless  search  he  had 
I  it,  had  studied  it  alive,  and  had  brought  with  him  living 
pies,  which  he  has  the  pleasure  of  exhibiting  before  the 

ty. 

t  would  here  express  his  deep  sense  of  gratitude  to  Dr.  El- 
ISoues,  Surgeon  u.  S.  A.  at  Fort  Macon,  N.  C,  and  the  Com- 
lant  of  the  Post,  Major  Joseph  Stewart,  TJ.  S.  A.,  for  the 
ant  aid  and  sympatny  rendered  to  Dr.  A.  S.  Packard  and 
jlf  during  their  visit  there.  He  would  not  enter  into  a 
iption'of  Lingula  as  he  had  already  in  preparation  a  me- 
upon  the  subject,  but  would  call  attention  simply  to  the 
ional  evidence  in  support  of  the  views  advanced 
igula  was  found  in  a  sand  shoal  at  lowwater  mark,  buried 
)elow  the  surface  of  the  sand  The  peduncle  was  six  times 
sngth  of  the  shell,  and  was  encased  m  a  sand  tube  diflFering 
respect  from  the  sand  tubes  of  neighboring  annelida  In 
'  instances  the  peduncle  was  broken  in  sifting  them  from 
md,  yet  the  wound  was  quickly  repaired,  and  another  sand 
nB&  formed 

1  2.  3. 


1.  Pedunde  perfect,  retaining  portion  of  sand  tube. 

2.  lowing  yaiyes  in  motion ;  peduncle  broken  and  forming  new  sand-case. 

3.  Peduncle  broken  close  to  the  body,  and  forming  new  sand-case. 

observed  that  Lingula  had  the  power  of  moving  over  the 
by  the  sliding  motion  of  the  two  valves,  using  at  the  same 
the  fringes  of  setae  which  swung  promptly  back  and  forth 
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like  a  galley  of  oars,  leaving  a  peculiar  track  in  the  sand.  In 
the  motion  of  the  SQtse  he  noticed  the  impulse  commencing 
from  behind  and  running  forward. 

Within  the  niiintle  he  found  a  series  of  rows  of  prominent 
lamellie  in  which  the  blood  rapidly  circulated,  thus  confirming 
the  correctness  of  Vogts  observations.  These  lamellfiB  were 
contractile,  however. 

The  pe«-luncle  was  hollow,  and  the  blood  could  be  seen  coutb- 
ing  back  and  forth  in  its  channeL  It  was  distinctly  and  r^- 
larly  constricted  or  ringed,  and  presented  a  remarkably  worm- 
like appearance.  It  luid  layers  of  circular  and  longitudinal 
muscular  fiber,  and  coile«l  itself  in  numerous  folds  or  unwound 
at  full  length.  It  was  contractile  also,  and  would  quickly  jerk 
the  body  beneath  the  sanA  But  the  most  startling  observation 
in  connection  with  this  interesting  animal,  was  the  fact  that  its 
blood  was  r&L  This  was  strongly  marked  in  the  gills  and  va- 
rious ramifications  of  the  mantle  and  in  the  peduncle.  At  times 
the  peduncle  would  become  congested  and  then  a  deep  rose 
blush  was  markedly  distinct.  Mr.  Morse  expressed  his  gratifi* 
cation  in  having  come  to  the  conclusions  in  regard  to  the  anne- 
lidan  characters  of  Brachiopods  a  long  time  previous  to  his  ob- 
sensations  on  Lingida, 

He  then  concluded  by  stating  that  the  Brachiopods,  with  the 
Polyzoa,  should  be  removed  fix>m  the  MoUusca,  and  placed  with 
the  Articulates  among  the  Annelids.  That  the  Brachiopods 
came  near  the  tubicuL  >us  worms,  though  thev  were  much  more 
highly  cephalizc^l  That  they  exhibit  certain  crustacean  char- 
acters, but  were  widelv  removed  fpDm  the  MoUusca  unless  a  re- 
lation could  be  traced  through  the  homologues  of  the  Polyzoa 
to  that  aberrant  group  the  Tunicates,  as  jx)inted  out  by  All- 
man.  He  believed  the  Brachiopods  to  be  a  comprehensive 
type,  exhibiting  general  articulate  features,  and  forming  an- 
other examj)le  of  those  groups  belonging  to  the  last  that  ex- 
hibit the  cliaracters  of  two  or  more  classes  combined 

It  was  interesting  in  this  connection  to  remark  that  Lingola, 
one  of  the  earliest  f^rrns  created,  had  yet  remained  the  same 
through  all  ages  of  the  earth's  history.  * 


A  yeic  Comtt, — Wixneckk  disco vrrcd  a  new  telescopic  comet 
at  Carisruhe  on  the  nisrht  of  the  29-30  of  Mav.  The  position  ob- 
tained by  him  for  Mav  ;^0,  is  as  follows  :  ^L  Y.  at  C.  14»»  13^84*. 
R  A.  *"•'  50  9-.s5\  Decl.4-2^^  5*2'  IS  '.  Vogel  found  for  the  same 
comet  at  thi*  Loip«*ie  ohserwitorv,  M.  T  af  Leipsic  1 3*»  2*^  28*5*, 
R.  A.  0^  50"^  4;09\  Dt'cl.  +2S=  53  'l7-4\  We  would  call  the  atten- 
tion of  Anicrican  astronomers  to  the  prizes  for  the  discovery  of 
comets  offered  by  the  Austrian  Aoademv.  (See  this  Jour.,  voL 
xlix,  p.  44-2).  '  ' 
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SCIENTIFIC  INTELLIGENCE. 

I.   PHYSICS  AND   CHEMISTRY. 

On  the  emission^  absorption  and  reflexion  of  varieties  of 
'  radiated  at  low  temperatures, — Magnus  has  communicated  an 
resting  and  valuable  paper  on  the  heat  radiated  at  low  tempe- 
.res,  and  on  the  absorption  and  reflexion  of  such  rays.  The 
Its  of  this  investigation, — the  last  we  suppose  made  by  the 
ented  author, — are  so  far  as  published,  in  his  own  words  as  fol- 
3: 

..)  Different  bodies  at  150°  C.  radiate  different  kinds  of  heat, 
se  kinds  of  heat  are  more  absorbed  by  a  substance  of  the  same 
I,  as  the  nidiating  body,  than  by  others,  and  this  absorption 
eases  with  the  thickness  of  the  absorbent. 
5.)  There  are  substances  which  emit  only  one  or  a  few  kinds  of 
t,  others,  which  emit  many  kinds. 

L)  To  the  first  of  these  belongs  rocksalt  when  quite  pure. 
b  as  its  ignited  vapor,  or  that  of  one  of  its  constituents,  sodium, 
ates  but  one  color,  so  rocksalt,  even  at  a  low  temperature, 
bs  but  one  kind  of  heat.  It  is  monothermic,  as  its  vapor  is 
loohromatic. 

L)  Rocksalt  even  when  quite  clear  emits,  together  with  its  pe- 
ftr  rocksalt-heat,  heat  which  is  not  more  absorbed  by  a  plate  of 
Lsalt  80"°*  in  thickness  than  by  one  20"'"  in  thickness. 
k)  Rocksalt  absorbs  very  powerfully  the  heat  which  it  radi- 
.  It  therefore  does  not,  as  Melloni  supposed,  allow  all  kinds  of 
'  ^ JP^ss  through  it  with  equal  facility. 

L)  The  great  mathermancy  of  rocksalt  does  not  depend  upon 
688  power  of  absorption  for  different  kinds  of  heat,  but  upon 
fact  that  it  radiates  only"  one  kind  of  heat,  and  consequently 
)rb8  only  this  one,  and  that  almost  all  other  substances  send 
heat  containing  only  a  small  fraction  or  none  of  the  rays  which 
isalt  emits.  But  all  rays  which  differ  from  those  i*adiated  by 
substance,  are  not  absorbed  by  it,  but  pass  through  with  un- 
inished  intensity. 

rem  this  we  may  infer  that  every  substance  is  diathermanous, 
r  because  it  radiates  but  few  waves  of  quite  definite  length, 
consequently  absorbs  only  these,  allowing  all  the  others  to 
I  through. 

^)  Sylvin  behaves  like  rocksalt,  but  is  not  monothermic  to  the 
e  extent.  In  the  case  of  this  substance  also  an  analogy  exists 
1  its  ignited  vapors,  or  those  of  potassium,  which  as  is  well 
wn  yield  a  nearly  contipuous  spectrum. 

5.)  Fluor  spar  completely  absorbs  pure  rocksalt  heat.  We 
ht  therefore  to  expect  that  the  heat  which  it  emits  will  be 
ally  absorbed  by  rocksalt.  Nevertheless  VO  per  cent  of  this 
b  pass  through  a  rocksalt  plate  20™"  in  thickness.  This  may 
btless  be  easily  explained  with  reference  to  the  proportion  of 
quantity  of  heat  which  fluorspar  emits  in  comparison  with  that 
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bands,  and  to  show  the  dependence  of  the  breadth  of  the  brands 
upon  the  temperature  and  density  of  the  ignited  gas.  Setting  oat 
with  these  principles,  the  author  arrives  at  the  following  law : 

ITie  ratio  of  the  difference  of  the  toave^engths  which  correspond 
to  the  borders  of  a  spectral  band^  to  the  mean  wave4ength  of  this 
hand,  is  for  one  and  the  same  gas  constant  for  all  the  spectral 
hands^  and  in  different  gases  is  directly  proportioned  to  the  square 
root  of  the  absolute  temperature^  but  inversely  proportional  to  the 
sgucere  root  of  the  density. 

The  breadths  of  the  bands,  as  they  appear  in  the  spectroscope  to 
the  eye,  will  increase  with  the  refrangioility  of  the  rays  somewhat 

more  rapidly  than  j^.    The  author  in  the  next  place  shows  that 

in  the  case  of  dark  bands  in  a  spectrum,  produced  by  inversion, 
the  distribution  of  the  darkness,  so  to  speak,  and  the  breadths  of 
tiie  band  will  follow  the  same  law  as  that  above  given  for  bright 
bands.  The  mere  comparison  of  the  relative  breadths  of  the 
bands  may  lead  to  important  conclusions.  If  in  any  gas-spectrum 
bands  of  different  breadths  lie  near  together,  we  might  infer  the 
presence  of  a  mixture  of  gases  of  different  densities,  or  of  differ- 
ent allotropic  states  of  the  same  gas.  Thus  the  author  thinks  that 
the  presence  of  some  fine  lines  in  the  blue  of  the  oxygen-spectrum 
may  indicate  the  presence  of  the  denser  ozone.  Furthern^ore,  the 
observation  of  the  breadths  of  these  lines  may  decide  whether  the 
appearance  of  new  lines  is  due  to  the  more  intense  vibrations  of 
the  same  molecules,  or  to  their  allotropic  conditions.  For  the 
same  eas  the  breadth  of  the  spectral  bands  permits  a  conclusion 
as  to  ^e  temperature.  This  is  of  special  interest  in  the  case  of 
the  heavenly  bodies,  in  the  spectra  of  which  a  widening  espe- 
oially  of  the  hydrogen  lines  has  been  observed.  The  author  does 
not  agree  with  Frankland  and  Lockyer  in  ascribing  this  result 
aolely  to  the  higher  pressure  of  the  gas,  but  thinks  that  it  must 
also  have  a  much  higher  temperature.  As  Huggins  and  Lockyer 
have  observed  a  widening  of  certain  dark  lines  m  the  spectrum  of 
the  umbra  of  a  solar  spot,  the  author  infers  that  the  gases  and 
vapors  forming  the  imibra  must  have  a  higher  temperature  than 
that  of  the  part  of  the  sun's  atmosphere,  in  which  Fraunhofer's 
lines  ori^nate.  Finally,  Lippich  suggests  that  measurements  of 
the  breadths  of  the  spectral  bands  will  finally  lead  not  merely  to 
relative  but  to  approximate  absolute  values  of  temperature  and 
density.  Among  other  results,  it  may  be  possible  in  this  way  to 
fomish  an  expenmental  proof  of  the  correctness  of  the  dynamical 
theory  of  eases.  In  conclusion,  the  author  remarks  that,  strictly 
speaking,  the  results  which  he  has  obtained  apply  only  to  perfect 
gases.  Changes  in  the  spectrum  will  indicate  changes  from  gases 
U>  vapors.  New  periods  of  vibration  will  occur,  which  will  ex- 
hibit themselves  in  the  spectrum  with  the  less  intensity,  the  great- 
er their  deviation  from  the  periods  of  vibration  of  the  moleciues  of 
the  perfect  gas.  In  this  manner  a  spectral  band  will  fade  out  on 
both  sides,  and  with  increased  pressure  the  illuminated  portion 
will  become  broader  the  more  the  gas  deviates  from  the  law  of 
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Gay  LuBsac  and  Mariotte.  This  explanation  agrees  with  Wtlll- 
ner  8  experiments,  according  to  whicn  the  "  washing  out "  of  the 
bands  occurs  in  the  cases  of  oxygen  and  nitrogen,  under  much 
lower  pressures  than  in  the  case  of  hydrogen. — Pogg.  Ann,^ 
cxxxix,  p.  465.  w.  G. 

3.  On  the  position  of  thaUium  among  the  elements. — ^Ra30C£;ij&- 
BER6  has  contributed  some  interesting  facts  in  relation  to  the  com- 
pounds of  thallium,  without  however  furnishing  data  for  deter- 
mining the  degree  of  atomicity  of  the  metal,  'file  author,  in  the 
first  place,  calls  attention  to  the  fact  that  the  isomorphism  of  thal- 
lium in  its  compounds  with  potassium  and  sodium  is  not  sufficient 
to  decide  the  question.  When  thallic  sesquioxyd  is  heated  with  a 
solution  of  iodic  acid,  a  normal  dithallic  salt  is  formed,  which  has 
the  formula  TUI03)j-|-3aq.  The  sesquioxyd  dissolves  easily  and 
completeljr  in  cnlorhydric  acid,  forming  a  colorless  solution,  which 
after  addition  of  potassic  or  ammomc  chlorid  yields  beautiAil 
crystals.  The  new  salts,  respectively  TlClj,6KCl+4aq.  and 
5^1Clg,6NH4Cl-|-4aq.,  form  large  colorless  transparent  crystals, 
which  resemble  combinations  of  the  cube,  octahedron  and  dodeca- 
hedron, but  which  really  belong  to  the  square  prismatic  system. 
They  are  not  decomposed  by  water,  even  on  boiling.  With  bro- 
mine and  potassic  bromid,  and  iodine  and  potassic  iodid,  thallium 
forms  the  salts,  TlBre,3KBr-|-3aq.  and  TlIj,3KI-+-3aq.,  which  crys- 
tallize in  regular  octahedra.  Kammelsberg  remarks  that  die 
thallium  atom,  Tl=:204,  can  hardly  be  regarded  as  other  than 
monatomic,  but  as  the  double  atom  of  the  molecule  in  the  dithal- 
lic compounds  is  hexatomic,  the  single  atom  would  have  to  be 
considered  as  tetratomic.  The  specific  heat  of  thallium  is  an  evi- 
dence that  the  metal  is  Tl=204,  but  the  isomorphism  of  two  mon- 
atomic with  one  diatomic  atom  has  been  established  in  so  OAny 
cases  that  no  certain  conclusion  can  be  drawn  from  the  isomor- 
phism of  thallium  with  potassium  and  sodium.  It  seems  probable 
that  the  question  can  only  be  settled  by  determinations  of  vapor 
density. — Berichte  der  J^eutschefi  Chemischsn  GeseUachqfty  JoAr- 
gang^  3,  No.  7,  p.  360.  w.  G. 

4.  On  a  new  method  for  the  volumetric  estimation  of  copper, — 
Wbil  has  given  a  new  method  for  the  determination  of  copper 
which  appears  deserving  of  attention.  It  is  based  upon  the  lol- 
lowing  facts.  At  a  boiling  heat  and  in  presence  of  an  ezoess  of 
free  cnlorhydric  acid  the  least  trace  of  cupric  chlorid  communi- 
cates a  very  distinct  greenish  yellow  tint  to  the  solution.  ThiB 
tint  is  the  more  intense  the  greater  the  quantity  of  acid  present. 
Stannous  chlorid  instantly  reduces  under  these  circumstances  cor 
pric  chlorid  to  colorless  soluble  cuprous  chlorid, 

2euCl3  -f  SnClg  =  eugCl^  4-SnCl4. 

The  reaction  is  finished  when  the  green  solution  of  cupric  chlorid 
is  completely  decolorized.  A  single  drop  of  stannous  chlorid  in 
excess  is  easily  detected  by  a  drop  of  mercuric  chlorid,  which 
gives  a  precipitate  of  calomel  When  the  solution  contains  iron 
m  the  form  of  sesquioxyd  as  well  as  copper,  the  volume  of  the 
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solution  of  tin  employed  will  indicate  the  sum  of  the  copper  and 
iron.  In  this  case  the  author  precipitates  the  copper  in  another 
portion  of  the  assay  by  means  of  zinc  coupled  with  platinum,  and 
then  determines  the  iron  by  means  of  potassic  hypermanganate. 
The  copper  is  then  easily  found  by  difference.  The  author  deter- 
mines uie  litre  of  his  solution  of  tin  by  means  of  pure  metallic 
copper,  and  preserves  it  from  oxydation  under  a  layer  of  petrole- 
um. It  is  of  course  necessary  that  the  solution  of  copper  should 
be  perfectly  free  from  nitric  acid. —  Comptes  RenduSy  Ixx,  p.  997. 

w.  G. 

5.  On  the  utilization  of  the  secondary  prodticts  obtained  in  the 
manufacture  of  chloral. — Dr.  A.  W.  Hopmann  has  examined  a 
mixture  of  secondary  products  obtained  during  the  manufacture  of 
chloral,  and  condensea  during  cold  weather.  The  liquid  began  to 
boil  at  17°-18°,  rising  slowly  to  80°-31°,  where  the  temperature 
remained  constant  a  ^ort  time,  and  then  rising  again  to  50**,  when 
nearly  all  distilled  over.  The  most  volatile  portions  were  mixed 
with  three  times  their  volume  of  alcohol  saturated  at  0°  with  am- 
monia and  heated  in  a  water  bath  for  an  hour.  The  liquid  was 
then  filtered  to  separate  crystals  of  sal-ammoniac  and  the  alcohol 
ammonia  and  chlorinated  ethylic  chlorids  distilled  off  The  mass 
of  chlorhydrates  of  ethyl-ammonias  remaining  were  decomposed 
with  caustic  soda,  and  the  separated  liquid  alkalies  dehydrated  by 
caoBtic  soda,  and  finally  distilled.  In  this  manner  5  litres  of  the 
secondary  products  operated|on  gave  1^  liters  of  a  mixture  of  an- 
hydrous ethvlamines.  These  could  be  separated  from  each  other 
by  means  ot  oxalic  ether,  in  the  manner  already  pointed  out  by 
Hofinann.  The  results  of  this  investigation  are  interesting,  from 
the  prospect  which  they  afibrd  of  obtaming  the  ethyl-ammonias  as 
an  aiticlo  of  commerce,  at  a  reasonable  pnce,  and  m  comparative 
abundance. —  Comptes  Hendus,  Ixx,  p.  906.  w.  g. 

6.  On  the  nature  of  the  secondary  products  obtained  in  the  man- 
ufeu^ure  of  chloral, — Kbamer  has  studied  the  other  products  of 
the  action  of  chlorine  upon  alcohol,  the  existence  of  a  targe  quan- 
tity of  ethylic  chlorid  having  been  shown  by  Hofinann.     As  the 
ethylic  chlorid  was  in  contact  with  an  excess  of  chlorine,  it  was 
natural  to  expect  to  find  in  the  less  volatile  oily  products  the 
whole  series  of  chlorinated  ethylic  chlorids  described  by  Regnault, 
and  ein^riment  showed  that  several  of  these  substances  were  pres- 
ent.   The  most  volatile  product  boiling  at  60**,  proved  to  be  chlo- 
rinated chlorethyl  or  chlorethyliden,  -GgH^CL,  identical  with  the 
chlorethyliden  prepared  from  aldehyd.     A  liquid  boiling  at  85°, 
|>roved  to  be  ethylen-dichlorid,  the  formation  of  which  by  the  ac- 
tion of  chlorine  upon  ethylic  chlorid  had  not  before  been  observed. 
The  next  product  was  chlorinated  ethylen  dichlorid  -GaELCl .  Clj 
boiling  at  116®,  and  the  last  bichlorinated  ethylen,  CJjHjClg,  boil- 
ing at  37**.     Other  chlorinated  products  were  also  observed,  but 
not  yet  studied.     To  prove  the  identity  of  the  chloreth  vliden  ob- 
tabed  in  this  manner  with  that  obtained  from  aldehyd  bj  the  ac- 
tion of  phosphoric  pentachlorid,  Er&mer  heated  a  portion  of  it 
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with  alcoholic  ammonia  to  160°  for  12  hours.  In  thb  manner  an 
oily  base  boiling  at  1 80°-l  82°,  and  having  the  characteristic  odor 
of  collidine,  -GgHj  jN,  was  obtained.  This  base  had  already  been 
formed  from  aldehvd-ammonia  by  BeByer,  and  found  to  be  identi- 
cal with  that  obtamed  by  Anderson  from  animal  oiL — BerichU 
der  Deutschen  Chemischen  GeseXUchaft^  Jahrgang^  3,  p.  257-262. 

w.  G. 
7.   On  some  properties  of  iron  precipitated  by  the  galvanic  ctir- 
rent — Lenz  has  given  some  interesting  particulars  in  relation  to 
the  composition  and  properties  of  iron  as  precipitated  in  the  me- 
tallic form  by  the  battery.     The  iron  examinea  was  deposited  by 
E^lein^s  process  from  a  solution  of  the  mixed  sulphates  of  iron  and 
magnesium.    Weak  currents  were  employed,  and  the  solution  was 
kept  neutral  by  carbonate  of  magnesia.     Iron  so  thrown  down  has 
a  beautiful  fine-granular  structure,  showing  no  traces  of  crystals 
under  the  microscope.    Its  color  is  a  soft  bright  gray.    Its  nard- 
ness  is  very  remarkable — not  less  than  6*6  of  the  ordinary  mineral 
scale,  and  it  is  excessively  brittle,  so  that  it  may  be  rubbed  to 
powder  between  the  fingers.     When  the  iron  is  slowly  reduced 
upon  a  polislied  surface,  it  is  free  from  flaws  and  has  a  velvety 
look.     As  it  becomes  thicker,  bubbles  or  pits  are  formed  as  small 
oval  depressions.     When  heated  over  a  fire  the  iron  loses  many  of 
these  properties  in  a  remarkable  degree.     Its  hardness  diminishes 
and  becomes  4*5 ;  its  brittleness  entirely  disappears,  and  it  be- 
comes so  flexible  and  tenacious  that  it  cannot  be  broken  by  re- 
peated bending  or  even  by  folding  and  strongly  smoothing  oown 
the  folds.     When  heated  m  vacuo  the  iron  changes  color  and  be- 
comes almost  as  white  as  worked  platinum.    The  ignited  iron  rusts 
very  quickly  both  in  air  and  in  previously  boiled  water ;  this  is 
not  the  case  with  the  metal  before  ignition.    In  the  electric  series 
unignited  iron  stands  nearer  to  copper  than  the .  ignited  metal 
On  analysis  by  means  of  SprengcPs  pump,  the  precipitated  iron 
was  found  to  contain  various  gases — vapor  of  water,  mtrogen,  car 
bonic  oxyd,  carbonic  acid  and  hydrogen.    Levy  tliinks  tihiat  the 
carbonic  acid  came  from  the  solution  nrom  which  the  iron  was  pre- 
cipitated, and  that  the  carbonic  oxyd  was  formed  during  the  igni- 
tion of  the  tube  containing  the  iron  in  the  process  or  analysis; 
also  that  the  vapor  of  water  was  formed  by  the  union  of  hydrogen 
with  the  oxygen  of  a  small  amount  of  rust  in  the  iron«  since  it  was 
only  given  off  at  1 ,600°  C.     The  hydrogen  in  the  iron  was  always 
in  largest  quantity ;  the  whole  quantity  of  gas  varied  greatly,  and 
sometimes  amounted  to  185  times  the  volume  of  the  iron.    The 
absorption  of  the  gases  was  found  to  take  place  mainly  in  the  first 
layers  formed.     On  warming  the  reduced  iron,  the  evolution  of 
gas  began  at  temperatures  below  100°,  but  at  this  temperature 
chiefly  hydrogen  was  evolved.    Ignited  galvanically  reduced  iioa 
decomposes  water  and  absorbs  the  free  hydrogen  either  wholly  or 
partially. — JBvUetin  de  P  Acadimie  de  Pkersbourg^  xiv,  p.  887, 
cited  in  Dinglei^s  Poh/technisches  Journal^  cxcvi,  p.  44.      w.  a 
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Tie  prej^rcAion  of  barium  chlorate, — Bbandau  has  pro- 
folfowing  simple  method  for  the  preparation  of  banum 
Commercial  crystallized  aluminum  sulphate,  sulphuric 
potassium  chlorate,  in  the  ratio  of  one  molecule  of  each  of 
•rmer  to  two  of  the  latter,  are  mixed  with  water  to  the 
e  of  a  thin  paste,  warmed  for  half  an  hour  on  the  water- 
ved  to  cool  completely,  and  treated  with  alcohol  in  excess, 
ring,  and  neutralizing  with  barium  hydrate,  barium  sul- 
some  aluminum  hydrate  are  precipitated,  and  barium 
smains  in  solution.  The  alcohol  is  aistilled  off,  and  the 
evaporation  yields  crystals  of  the  pure  barium  chlorate, 
precaution  necessary  is  to  have  the  aluminum  sulphate 
ilphuric  acid  in  slight  excess. — Ann,  CK  Pharm,^  cli,  361, 

),  G.  F.  B. 

he  properties  of  Selenium, — Rathke  has  investigated,  in 
laboratory,  the  various  modifications  which  selenium, 
ur,  is  capaole  of  assuming.  Notwithstanding  the  differ- 
le  behavior  of  the  various  forms  of  each,  respectively, 
B,  especially  €&,,  Rathke  places  the  iu  soluble  black  se- 
th  the  rhombic  variety  of  sulphur,  and  the  red  amor- 
tnium  with  the  insoluble  amorphous  form  of  sulphur.  As 
3  of  sulphur,  the  latter  variety  of  selenium  is  produced 
composition  of  selendithionates  (solutions  of  selenium  in 
ulphites)  by  acids ;  bv  the  action  of  water  on  selenium 
ind  by  the  sudden  cooling  of  fused  selenium.  So  on  the 
i,  by  the  slow  decomposition  of  a  solution  of  potassium 
stinct  crystals  of  black  selenium  are  produced,  precisely 
)y  the  similar  decomposition  of  alkalme  sulphias,  large 
srystals  of  sulphur  sep&rate.  Though  red  selenium  is 
le  than  the  corresponding  form  of  sulphur,  yet,  like  this, 
nto  the  other  variety  on  raising  the  temperature  to  100<> 
distinct  evolution  of  heat.  The  specific  gravity  of  selen- 
»se  forms,  is  as  follows :  For  the  black  variety,  4'80  to 
red,  crystallized  from  carbon  disulphid,  (and  correspond- 
loclinic  sulphur,)  4'46  to  4*5 1,  the  red,  amorphous,  4*26. 
here,  also,  with  the  corresponding  forms  of  sulphur,  as 
ven.  Regardiuff  the  behavior  of  selenium  toward  carbon 
as  exceptional,  Rathke  tried  the  action  of  other  solvents, 
hlorid  saturated  with  selenium  with  the  aid  of  heat,  de- 
cooling,  crystals  of  sulphur,  leaving  selenium  chlorid,  in 
(nium  dissolves  freely,  forming  when  cold  a  syrupy  liquid, 
h,  on  standing,  the  black  variety  of  selenium  separated 
odules.  The  solubility  of  rhombic  (octahedral)  sulphur 
disulphid,  led  to  the  supposition  that  selenium  might  be 
luble  in  carbon  diselenid.  Various  methods  for  prepar- 
iibstance  were  tried,  but,  though  small  quantities  were 
>y  acting  on  selenium  phosphid  with  moist  vapor  of  car^ 
;hlorid,  heated  in  a  tube,  sufficient  for  the  above  purpose 
be  obtained.  Carbon  tetrachlorid  itself,  does  not  dis- 
black  variety  of  selenium,  selenium-ethyl  dissolves  both, 
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but.  it)  very  siiuill  qunntit  y.  Of  the  solvents  tried,  only  those  which 
\v<T<'  scU'uiii!!i-(*()injK)un<ls  dissolved  black  selenium. 

Iisithki*  also  examined  the  (impounds  which  sulphur  forms  wilb 
Heleniiiin,  hopinu;  to  throw  some  li^ht  upon  their  mutual  iso-diraorph- 
ism.  lie  first  melte<l  the  substances  together  in  the  ratio  of  one 
atom  f){'  selenium  to  two  of  sulphur,  repeatedly  extra<Jted  the  re- 
sult iui;  mass  with  cjirbon  disuli>hid,  and  crystallized  out  the  por- 
tinn  di'^solved  in  fractions.  The  crystals,  however,  increased  pro- 
gnssivrly  in  sulphur  and  diminished  in  selenium.  The  precipitat€ 
«>btaim'd  when  sulphydric  gas  and  selenium  dioxvd  gas  act  up- 
on ra*-h  other  in  s*)lulion,  was  then  examined,  oy  solution  in 
carbon  disulphid  and  evaporation,  well-formed  rhombic  prisms, in 
color  like  polas<iuni  dichromate,  were  obtained,  which  gave  on 
analysis  OM'H*;  piT  cent  selenium  and  36*50  per  cent  sulphur.  These 
crystals,  then,  th«Migh  l>y  no  means  a  mixture  of  the  constituents, 
do  not  eonvspond  in  composition  to  the  formula  ^«?Sg,  which  re- 
o!urr>  r>.'>*4'J  per  cent  Se  and  44'5S  per  cent  S.  The  process  was 
tlieu  reversed,  and  the  precipitate  produced  when  sclenhydric  gas 
reaets  upon  sulphur  dioxyd  collected  and  treated  as  above.  It 
contained  considerable  black  selenium,  not  taken  up  by  the  solvent. 
On  iVaeiioually  crystallizing,  tluve  protlucts  were  obtained,  one 
(c)  s«»luMe  in  At  parts  VS,,  the  second  (A)  in  263  parts,  and  the 
third  [it)  Ci»nsiderably  mon*  so  than  selenium  itself,  (a)  consisted 
of  minute  dark  ruby-rod,  rounded  crystals;  (b)  of  brilliant-red 
prisms  ;  and  \^c)  o\'  orangi^red  tabular  prisms.  On  analysis,  {a) 
was  t*ound  to  agree  nearly  with  the  formula  Se^S;  but  (ft)  aDd(e) 
were  inierniediate  between  tn'^i^and  !5ie^..  Rathke  regards  them 
as  isou\orpljou>  mixiuris.  , 

i'arbon  di^ielenid  t'Si',  was  prepared  but  only  in  small  qnantity, 
no!  even  ^utlioient  t'or  analysis.  It  appeared  as  a  thin,  brilliant- 
bn»w  n  liipiid,  of  pivuliar  and  discigrt-i-able  odor,  recalling  at  first, 
when  dilute,  that  of  carbon  disulphid,  but  being  when  eoneenf 
tiatetl,  \evy  pu:igent  and  ir:-::aii:ig  lo  the  eves.  It  burned  with 
the  blue  >elenium  I'.amo,  was  not  very  volatile,  and  was  insoluble 
in  all  sol\ outs  tried.     At  tViO  s:r.iio  ::r.ie  there  was  formed  ethyl 

M'li«\,>uth;«o,     CS'     ^   a:-..'.  ;v:ass:-.i!a  sok-nxantliate,    ©Se'    . 

Kathke  ;iN»^  :\lv,^  a::<'■.r.:^:^,\^.  :Vi  yrv\v.:ct:or.  of  selenium  tetra-ethyd 
b\u  •.jutveded  v.;  CiTV/.'c  ^v/.v  Tr.nihy'.silrnin  chlorid  Se  (€, 
M  J,ri,  lu  e.^:n!^':-.;a:i,^v.  ^i:';  s{:\c  or/i.^rl.;.  3r.d  also  with  platinum 

''^'^'^»''^  »        •    ^'V    .'^•;-     .,/."..  >l.^^^ v.  1>69.  G.  F,R 

to     I*..'..   r-:.jr-;-  -,   /..'->.-'.  ir.r':ryd  \r,itnc  anhf/drid.) 

Ojm  V  r.'.d  \  ;x,\,  N  cv.v/..  V  :Vr  :>.:<  vV.n-.Wa  double  U  tube,  in 

e^eh   Is, id  of  wVvV.  :4;'* ':.':>     ^T^r./s  ;:  silver  nitrate  is  placed, 

'     w:,v,'  *v;:^;  V.,:;:-;  :,^  :%  : . r.-.v: T^ v.:rt:   o:"?iO-C.     PhosphonI 
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This  receiver  is  immersed  in  a  freezing  mixture.  No  xlisenga^e- 
ment  of  oxygen  takes  place,  silver  phosphate  and  chlorid  be- 
ing the  only  secondaiy  products.     The  reactions  are  as  follows : — 

(1)      (a^'  [  ^)  3+  (Pe)  ci3=  Ag3  \  ^»  +  (Ne,ci),. 

(2)         A^'  }  ^  +  (■SB^)C\  =  Sol  f  ^  +  ^^^^ 
'^Comptes  Bendus,  Ixix,  1142.  g.  f.  b. 

11.  On  a  new  met  hod  for  preparing  bromhydric  acid, — Cham- 
PTOX  and  Pkllet  describe  a  new  and  simple  mode  of  preparing 
bromhydric  acid  by  the  action  of  bromine  upon  paraffin  at  a  mod- 
erately elevated  temperature.  Two  retorts  are  employed,  one  for 
the  bromine,  the  other  for  the  paraffin.  The  neck  of  the  first  re- 
tort is  prolonged  and  bent  at  right  angles  so  as  to  enter  the  tubu- 

'  lure  ot  the  second — being  fixed  there  by  a  ground  ioint — termi- 
.   nating  near  the  bottom.     By  means  of  a  sand  or  oil-bath,  the  pa- 
raffin is  kept  at  a  temperature  of  180°  C.  and  by  a  saline  bath  the 
bromine  is  maintained  at  65°  C.     As  the  bromine  gradually  distils 
■■-  over  into  the  paraffin,  the  bromhydric  acid  gas  is  evolved,  and  af- 
n-  tcr  passing  through  a  bulb  tube  containing  water,  and  a  U  tube 
\^  fillea  with  broken  glass  and  bits  of  moistened  phosphorus,  to  re- 
^  move  any  traces  of  unchanged  bromine,  it  is  collected  in  the  liquid 
r    to  be  saturated  with  it,  placed  in  a   vessel  surrounded  with  ice. 
The  aqueous  solution  thus  obtained  saturated  at  0°  C.  has  a  density 
"    of  1*78,  and   corresponds  to  the  foimula  HBr,  HgO.     Each  c.  c. 
contains  1*46  grms.  HBr. — BuU.  Soc,  Ch.,  IT,  xiii,  197,  March,  1870. 

G.  p.  B. 

12.  On  the  recovery  of  Uranium  /rom  the  Phosphate, — In  using 
^-  a  Bolntion  of  uranium  lor  determining  volumetrically  phosphoric 
^  idd,  residues  of  uranium  phosphate  are  obtained,  from  which  it  is 
^  desirable  to  recover  the  urannim.     Two  methods  for  doing  thi^ 

bave  been  lately  proposed.     The  first  by  Heintz,  obtains  the  ura- 
mnm  as  nitrate.     The  phosphate,  previously  washed,  dried  and 
weighed,  is  dissolved  in  nitric  acid.     Ualf  as  much  pure  tin  is 
r-  vdghed  out,  and  nine-tenths  of  it  added  to  the  nitric  solution, 
which  b  then  heated  until  the  tin  is  entirely  converted  into  stan- 
nic hydrate ;  if,  in  this  solution,  ammonia  gives  a  precipitate  not 
entirely  soluble  in  acetic  acid,  the  rest  of  the  tin  is  added,  and  the 
inocess  repeated.    All  the  phosphoric  acid  is  contained  in  the  pre- 
dpitata     The  filtrate  is  diluted,  treated  with  sulphydric  gas  to 
precipitate  the  last  traces  of  tm,  again  filtered,  and  evaporated  to 
orvBtallization. 

^  The  second  method,  proposed  by  Reicuabdt,  consists  in  dissolv- 
ing the  nranium  residues  in  either  nitric  or  chlorhydric  acid,  adding 
to  excess  of  ferric  chlorid,  making  the  solution  acid  with  acetic 
r-  idd  by  adding  sodium  acetate,  and  after  considerable  dilution, 
luting  to  boiling.  All  the  phosphoric  acid,  together  with  the 
ttcess  of  iron,  is  thus  precipitated.  Instead  of  boiling  the  solu- 
tion after  the  addition  of  the  ferric  chlorid,  it  may  be  treated  with 
Ak.  Joub.  8oi.— Second  Sbbies,  Vol.  L,  Na  148.~Jult,  1870. 
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an  excess  of  sodium  carbonate,  and  filtered.  In  presence  of  free 
carbonic  acid,  the  sodium  carbonate  holds  the  uranium  in  solution, 
the  phosphoric  acid  being  precipitated  with  the  iron.  The  filtrste 
from  either  of  these  methods  is  acidulated  with  chlorhydric  acid, 
and  after  boiling  to  expel  the  carbonic  cjas,  the  uranium  oxyd  v 
precipitated  with  ammonia. — Ann,  Ch.  Pharm,^  cli,  216,  Aug.  1869i 
ZeitBchr,  analyt  Chenu^  1869,  116.  o.  f.  & 

13.    On  tJie  modifications  of  stdphur  trioxyd  {sulphuric  anh^ 
drid.) — Schultz-Sellack  has  examined  the  isomeric  modifications 
of  sulphur  trioxyd.     It  was  prepared  by  distillation  from  di-snl- 
phuric  acid  (fuming,)  the  vapors  being  rendered  anhydrous  by 
passing  them  over  phosphoric  anhydrid.     On  cooling  the  liqnid 
thus  obtained,  the  thermometer  immei'sed  in  it  is  observed  to  be- 
come stationary  at  16°  C,  the  fluid  solidifying  in  long  transparent 
prisms.     These  melt  again  at  the  same  temperature,  the  liqnid  be- 
mg  obtained  again,  frequently  unaltered.     Sometimes,  however, 
white  flocks  remain  in  the  melted  mass,  which  gradually  collect  in 
warty  masses  of  fine  white  needles,  until  the  entire  liquid  has  be- 
come a  matted  mass  of  them.     The  same  change  takes  place  when 
the  liquid  is  kept  for  some  time  at  a  temperature  below  25*  CL; 
above  27°  C,  however,  it  does  not  take  place.     The  solid  anhydrid 
thus  produced  becomes  gradually  fluid  again  when  the  tempera- 
ture rises  to  above  60°  C;  but  this  solidification  and  liquefaction  ii 
not  a  freezing  and  melting,  in  the  ordinary  sense  of  these  termfl| 
since  both  take  place  gradually,  within  certain  definite  ranges  of 
temperature.     The  fluid  anhydrid  has  a  remarkably  high  coefficient 
of  expansion  by  heat ;  being  for  temperatures  between  25**  and 
45°,  0*0027  for  each  degree,  more  than  two-thirds  that  of  the  gaseSb 
It  boils  at46°C.  under  a  pressure  of  760™™-;  at  20°  its   vapo^ 
tension  is  200™™.     In  a  vacuum  the  first  modification  shows  no 
vapor- tension;  but  gradually  vapor  is  evolved,  so  that  after  seve- 
ral days,  a  tension  of  30  or  40™™-  at  20°  is  obtained.     The  vapor 
of  the  solid  as  well  as  that  of  the  fluid  trioxyd  has  a  normal  den- 
sity, found  to  be  2*74  to  2-76 ;  &O3   requires  2*76.      From  tiie 
above  facts,  the  author  concludes  that  sulphur  trioxyd  exists  in 
two  states :  1st,  a  Sulphuric  anhydrid  solidifying  at  -|-I^°  in  long 
colorless  prisms,  whicn  melt  at  the  same  temperature ;  boiling  at 
46°  C.     2d.  ^  Sulphuric  anhydrid,  produced  from  the  former,  at 
temperatures  below  25®,  in  very  fine  needles ;  becoming  at  tempe^ 
atures  above  50°  gradually  fluid  again,  being  transformed  into  «; 
yielding  vapor  very  slowly  at  ordinary  temperatures,  which  is  like 
that  given  by  a,  but  has  a  less  tension.     He  regards  <?  as  a  polymer 
of  a,  since  many  polymeric  organic  compounds,  as,  for  example^ 
cyanuric  acid,  snow  similar  variations  in  physical  properties,  as 
their  molecules  are  more  condensed. — Ber,  JBerL  Chem.  €Us.j  iii, 
215,  March,  1870.  G.  P.  a 

14.  On  the  conversion  of  isobutyl  alcohol  into  tertiary  pseudo^ntiyl 
aJcohoL — From  purely  theoretical  considerations,  Markownikoit  . 
was  led  to  believe  that  isobutyl  alcohol  (that  produced  durinff 
fermentation)  by  the  loss  of  water,  or  its  iodid  by  the  loea  S 
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acid,  would  rive  a  butylene  identical  with  the  isobu- 
Butlerow.  By  heating  isobutyl  iodid  with  alcoholic 
butylene  wa8  obtained,  which  united  directly  with  hy- 
sid,  giving  a  butyl  iodid  having  the  boiling  point  of  ter- 
ido-butyl  iodid.  On  treating  this  with  moist  silver  oxyd, 
l-carbinol  (tertiary  pseudo-butyl  alcohol)  was  obtained 
ery  characteristic  properties.  The  reaction  which  takes 
3  fellows : 

—  HI=      €  (2)        £!        +HI=       €1 


■> 


Hj  OHg^GHg  xJHjC/Hg  ^HjC/Hg 

'^  Isobutylene.  Isobutylene.  b^tyf^id. 

ikoff  believes  that  these  facts  sustain  his  general  law  of 
ition  of  unsaturated  compounds;  a  law  which  for  the 
les  of  ethylene  may  thus  be  formulated:  Wh£n  wcUer 
^ed  froin  an  alcoholrmolecule^  that  carbonrdtom  which 
g  united  with  the  carbonrotom  /holding  the  hydroxyly 
he  hydrogen,  A  similar  law  holds  in  the  case  of  the 
hydnds  of  the  monatomic  alcohols.  When  combination 
ce  between  an  unsymmetrically  constituted  homologue^ 
ne  (for  example,  propylene  -GHg-GH^Hj)  and  water  (or 
i  acid)^  the  residties  into  which  these  latter  bodies  are 
\are  divided  between  the  two  carbon-atoms  so  that  the 
(or  the  corresponding  halogen)^  is  tmited  to  the  least 
tied  carbon-atom  in  the  compound, — 2kitschr,  Chem,^  II, 

3C.,  1869.  G.  F.  B. 

t  the  Synthesis  of  Aromatic  Acids, — Starting  from  the 
wn  facts  that  a  monobasic  acid  may  be  viewed  as  a 
bon  in  which  an  atom  of  hydrogen  is  replaced  by  carboxyl 
t,  and  further,  that,  in  general,  the  basicity  of  acids 
apon  the  number  of  carboxyl  groups  which  they  contain, 
►roposes  to  make  practical  use  of  them  in  synthesis.  By 
ope  or  more  such  replacements  in  a  hydrocarbon,  eitner 
krboxyl  group  itself  or  its  ethyl-derivative  ('©^^(-egH-)), 
can  be  effected  by  heating  the  corresponding  bromine 
re  of  the  next  lower  homologous  hydrocarbon  with  ethyl 
bonate    and   sodium -amalgam,  —  any  desired  aromatic 

be  produced.  In  this  way,  for  example,  Wurtz  prepared 
*cid ;  ftO  grams  monobromo-benzol  (phenyl  bromid,  "GgH. 
5  heated  with  60  grams  ethyl  ohlorocarbonate  (€JOO 
/I)  and  3*5  kilograms  sodium-amalgam    containing    one 

of  sodium.  The  action  proceeded  slowly,  requiring 
ye  for  completion,  even  at  110°  C.  Carbonic  and  carbon- 
\  were  evolved,  sometimes  mixed  with  a  gas  which  burned 
reen  flame,  probably  ethyl  chlorid.  When  the  fluid  had 
disappeared  and  the  mercurv  had  again  recovered  its 
^  the  saline  mass  was  extracted  with  ether,  and  the  ether 
off  till  the  temperature  rose  to  150°  C.  The  residae,  which 
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contained  ethyl  benzoate,  on  being  treated  with  potassiam  hydntii 
evaporating  to  dryness  to  remove  the  alcohol,  re-solution  in  wsti^ 
and  preci [Citation  with  hydrochloric  acid,  aiforded  bensoic  teil 
abundantly.    The  reaction,  therefore,  is  as  follows : 

€  JlgBr-hCe  I  ^j^2^»+Naa=NaCl  +  NaBr+€eH,(€:ee€,HJ 
By  using  mono-bromo-toluol  (€jH^  -j  ,>    'J  toluic  acid 
("GjH^  -J  xi^L^i  TT  ]  with  a  trace  of  another  acid  perhapt  m^ 


meric  with  it,  was  obtained.     With  the  isomeric  benzyl 
(CeHg(CH2Br))  the  reaction  yields  a  more  complicated  prodiiei 

In  a  more  recent  paper,  Wurtz  shows  that  the  acid  mentioBed 
above  as  obtained  simultaneously  with  the  toluic,  is  iso-toloic  add; 
and  that  its  presence  is  due  to  the  fact  that  the  bromo-tolnol  mej^ 
contained  an  isomeric  body.  The  substance  obtained  by  actiaf 
upon  benzyl  bromid  or  chlorid,  he  finds  to  have  the  oompoflntioi 
€Jj  jHj^Og?  ^^^  he  gives  it  the  name  di-benzvl-carboxync  acUL 
In  a  second  operation,  252  grams  benzyl  chloricf,  108  grams  eUql 
chlorocarbonatc  and  8,000  grams  one  per  cent  sodium-anuJfiM^ 
were  heated  on  a  saline  bath,  with  an  upward  condenser,  tilf  ttl 
whole  mass  was  solid.  This  residue  was  extracted  with  eAeL 
.the  ether  distilled  off  till  the  temperature  rose  to  180**,  the  tsn 
remaining  in  the  retort  decomposed  with  alcoholic  potash,  ds 
the  alcohol  evaporated,  the  residue  dissolved  in  water,  precipitatel 
by  hydrochloric  acid  and  recrystallized  from  water.  It  sepantsl 
in  drops  which  solidified  to  a  mass  of  fine  needles.  It  is  abuNl 
insoluble  in  cold  water,  and  but  little  soluble  in  hot ;  alcohol  tnl 
ether  dissolve  it  readily.  At  84°  it  melts  and  at  a  higher  tempen- 
ture  distils.  Its  vapors  are  aromatic  and  irritating.  To  prodim 
it,  Wurtz  assumes  that  under  the  influence  of  the  sodium,  tltt 
chlorid,  by  the  loss  of  hydrochloric  acid,  becomes  chloro-di-benni 

■P  II  4^H 

^  ^  I  ^  and  that  this  by  the  simultaneous  action  of  the  M^ 
€eH,€nCl  ^ 

dium  and  the  ethyl  chlorocarbonate  becomes  ethyl  di-benzyl-Gai)^ 

oxvlate  I  — Comptes  Rendus^  Ixviii,  1298; 

€,H,€H€ee(€aH,).  ^  ,         x^         , 

IXX,  850.  O.  V.  BL 

1 6.  On  the  volatile  a^iids  of  Croton  oil, — ^Froelich  having  obsenred 
in  the  Jena  laboratory,  that  by  the  action  of  phosphorus  pentft- 
chlorid  upon  ethyl-diacetic  acid,  two  metameric  chlor-acids  were 
obtained,  yielding  when  treated  with  sodium-amalgam,  two  meta- 
meric acids  of  the  composition  €^HgO«,  of  which  one  was  solid 
and  identical  with  that  prepared  from  allyl  cyanid,  the  other  WM 
fluid,  and  supposed  to  be  the  same  as  that  described  by  Schlippe 
as  occurring  in  Croton  oil,  and  called  Crotonic  acid,  Gbuthb 
undertook  a  confirmation  of  this  supposition.  Having  prepared 
the  volatile  acids  from  four  pounds  of  Croton  oil,  he  finds  that  do 
volatile  acid  of  the  composition  -C^H^O^  exists  in  this  oU,  and 
that  the  solid  acid  contamed  in  it  is  not  angelic  acid ;  and  theit- 
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,  that  Schlippe's  statements  are  entirely  erroneous.  The  vola- 
flaid  acids  are  essentially  acetic,  hutyric  and  yaleric,  mixed 
taps  with  traoes  of  oenanthic  acid  and  higher  members  of  the 
J  series.  The  solid  acid  supposed  by  Schlippe  to  be  angelic 
,  is  a  metamer  of  it,  to  which  Genther  siyes  the  name  Tiglic 
.  It  constitutes  more  than  a  third  of  the  volatile  acids  of 
;on  oil,  and  forms  a  barium  salt  readily  soluble  in  water, 
tallizing  in  pearly  plates,  and  having  the  composition 
l^Ba'Oj+^HjO.  It  has  a  remarkably  close  correspondence 
properties  with  the  methyl-crotonic  acid  of  Frankland  and 
•pSi.  It  is  therefore  obvious  that  the  name  "  crotonic  "  given 
le  acid  -G^H^O^,  is  a  misnomer,  since  croton  oil  contains  no 
of  this  composition.  Geuther  therefore  proposes  to  call  the 
r-acid  of  Froelich,  mentioned  above,  which  fuse^  at  69-6**  and 
I  at  194*8*,  monochlor-quartenic  acid,  and  the  acid  derived 
L  it  by  the  action  of  sodium-amalgam,  which  is  fluid  at  15° 
boils  at  171*9°,  quartenic  acid.  For  the  metamer  of  the  chlor- 
,  melting  at  94°  and  boiling  between  206°-2 1 1°  with  partial 
tnposition,  he  proposes  the  name  mono-chlor-tetracrylic  acid : 
for  its  derivative  CJ^ffgOg,  first  prepared  from  allyl  cyanid 
till  now  called  crotonic  acid,  the  name  tetracrylic  acid.  Its 
hyd  called  croton-aldehyd  by  Kekul6,  would  therefore  be 
icryl-aldehyd. — Zeitschr.  Chem,^  H,  vi,  26,  Dec.  1869.  g.  p.  b. 
r.  On  the  Ithemsh  creosote  from  beech-tDood  tar, — Under  the 
Btion  of  Baeycr  and  Graebe  in  Berlin,  Marasse  has  made  an 
■ligation  of  beech-wood  creosote,  with  results  far  more  satisfac- 
and  conclusive  than  had  been  previously  obtained.  The  ma- 
il on  which  he  worked  came  from  the  manufactory  of  Dietze  & 
ipany  in  Mayence ;  it  was  colorless,  a  little  thick,  heavier  than 
3r,  in  which  it  was  scarcely  soluble,  and  dissolved  completely 
otasdnm  hydrate  solution.  On  subjecting  it  to  fractional  dis- 
tion,  three  separate  products  were  obtained :  one  boiling  below 
\  one  between  200°  and  203°  (by  far  the  larger  portion)  and 
between  216°  and  220*.  After  drying  the  lightest  product, 
subjecting  it  to  sixteen  fractional  distillations,  a  body  was 
uned,  which  boiled  between  183°  and  184°,  solidified  on  cool- 
and  had  the  properties  of  phenol,  which  an  analysis  proved  it 
e.  On  distillmg  the  second  and  largest  fraction  with  zinc-dust 
purifying  and  fractioning  the  distillate,  two  products  were 
lined;  the  one,  boiling  between  110*^  and  112°, proved  on  anal- 

i  to  be  toluolj-G^Hg,  or  "GeH^  ]  H    **     Since  the  zinc-dust  acts 

reducing  hydroxyl  to  hydrogen,  the  body  yielding  this  toluol 

It  have  been  €JgH^  -<  ripr'^or  cresol.     The  other  portion  boiling 

150°  to  165°  afforded  the  properties  and  composition  of  anisoL 

this  anisol  "GeH^  -j  /^ /nrr  does  not  exist  in  the  creosote  as  such, 

most  have  been  produced  by  a  similar  action  of  the  zinc-dust, 

f  ATT 

01  the  body  €qH^  -J  ^qtt    which  is  guaiacol,  the  acid  methyl 

%  3 
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(  OH 
ether  of  pyrocatechin  CeH^  •}  ^rr.    That  the  fraction  Ixniiiig  W 

tween  200^  and  203**  was  thus  composed,  Marasse  farther  prorri 
by  fusing  it  \^dth  potassium  hydrate.  Two  liquids  were  tiM 
obtained    which    on    examination    proved    to    be    cretol    iUdf 

€jH^-!^rj3,  and  pyro-catechin  O^H^  ■<  ^tt,  the  latter  prodneel 

by  the  saponification  of  its  ether,  guaiacol,  in  the  experiment 
Tlie  same  result  was  reached  by  acting  upon  this  fraction  witk 
hydriodic  acid ;  cresol  and  pyro-catecliin  being  produced  as  bcAxe 
And  fmally,  by  acting  upon  this  fraction  with  methyl  iodid  ol 
potassium  hydrate  in  sealed  tubes,  the  methyl  ethers  of  both  erenl 

(cresyl-anisol  €gH^  j  e^h  )  *^^g"*i^^o'  (^«1^4  \  O'GK/^'^ 

obtained.  Tl>e  last  fraction,  boiling  between  217"  and  220^,1^ 
forded,  after  reduction  with  hydriodic  acid  and  fractioning,  phloid, 

(  <^"3  (  €H. 

€JgHjj,0  or  Cgllg  <  OII3  and  homo-pyro-catechin  €J^H,  i  0H  , 

(OH  (oh 

which  last  substance  was  derived  froin  creosol,  its  acid  metM 

ether  ^gHg  ^  OCJlIg  precisely  as  pyro-catechin  was  in  the  prerkwi 

(  OH 
fraction,  from  guaiacoL  Marasse  hence  concludes  that  Rhennh 
beech- wood  creosote  is  a  mixture  of  compounds  belonging  to  two 
parallel  series,  the  phenols  and  the  acid  methyl  ethers  of  pyro-ctte- 
chin  and  its  homologues.  And  since  the  first  members  of  ti» 
series  do  not  coincide  in  boiling  point,  the  first  member  of  the 
guaiacol  senes  agreeing  with  the  second  member  of  the  phenol 
series,  it  is  obvious  that  that  portion  of  creosote  which  boils  at  ti» 
lowest  temperature  will  consist  of  the  first  member  of  the  phend 
series,  i.  e.,  phenol  itself. 


Phenol 
Series. 


Phenol,  £!,Hj(eH) 
Cresol,    €,hJ|J{» 

Phlorol,  €,H  J  €H3 

(  OH 


BoUlng 
point, 

184°  C. 
203° 

220° 


Oaadaeol 

Series. 


BoOkV 
polBL 


Guaiacol,  £^5^4 
Creosol,    "Ge^3 


200*  C 


OH 
0€H. 
€JH,  * 
0€H.  219' 
OH 


All  the  different  kinds  of  beech-wood  creosote  appear  to  be  identi- 
cal in  composition;  those  specimens  having  the  highest  boiling 
point,  which  contain  the  higher  members  of  these  parallel  series.— 
Ann,  Ch.  Pharm,^  cHi,  59,  Oct.,  1869.  G.  F.  B. 

16.    On  Ocean  Currents^  in  relation  to  tJie  Distribution  of  HtfA 
over  the  Grlobe^  by  James  Croll  of  the  Geological  Survey  of  Scot- 
land.   (PhiL  Mag.,  Feb.  1870.) — ^L   ITie  absolute  Heating-power  of 
Ocean-currents, — *  *  *  From  an  examination  of  the  published  sec- 
tions [of  the  Gulf  Stream]  some  years  ago,*  I  came  to  the  condn- 

*  Philosophical  Magassme  for  February,  1867,  p.  127. 
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sion  that  the  total  quantity  of  water  conveyed  hy  the  stream  is  proh- 
ably  equal  to  that  of  a  stream  50  miles  broad  and  1000  feet  deep,* 
flowing  at  the  rate  of  four  miles  an  hour,  and  that  the  mean  tempe- 
rature of  the  entire  mass  of  moving  water  is  not  under  65°  at  the 
moment  of  leaving  the  Gull  I  think  we  are  warranted  to  conclude 
that  the  stream,  before  it  returns  from  its  northern  journey,  is  on 
an  average  cooled  down  to  at  least  40°;  consequently  it  loses  25°  of 
heat.  Each  cubic  foot  of  Water,  therefore,  in  this  case  carries  from 
the  tropics  for  distribution  upwards  of  1500  units  of  heat,  or 
1,158,000  foot-pounds.  According  to  the  above  estimate  of  the 
size  and  velocity  of  the  stream,  5,576,680,000,000  cubic  feet  of 
water  are  conveyed  from  the  Gulf  per  hour,  or  133,816,320,000,000 
cubic  feet  daily.  Consequently  the  total  quantity  of  heat  trans- 
ferred from  the  equatorial  regions  per  day  by  the  stream  amounts 
to  154,959,300,000,000,000,000  foo^pounds. 

From  observations  made  by  Sir  John  Herschel  and  by  M.  Pouil- 
let  on  the  direct  heat  of  the  sun,  it  is  found  that,  were  no  heat 
absorbed  by  the  atmosphere,  about  83  foot-pounds  per  second 
would  fall  upon  a  square  foot  of  surface  placed  at  right  angles  to 
the  Bun^s  rays.f  Mr.  Meech  estimates  that  the  quantity  of  heat 
cat  off  by  the  atmosphere  is  equal  to  about  22  per  cent  of  the  total 
amount  received  from  the  sun.  M.  Pouillet  estimates  the  loss  at 
24  per  cent.  Taking  the  former  estimate,  64 '74  foot-pounds  per 
second  will  therefore  be  the  quantity  of  heat  falling  on  a  square 
foot  of  the  earth's  surface  when  the  sun  is  in  the  zenith.  And 
were  the  sun  to  remain  stationary  in  the  zenith  for  twelve  hours, 
S,7 96,768  foot-pounds  would  fall  upon  the  surface. 

It  can  be  shown  that  the  total  amount  of  heat  received  upon  a 
unit  surfiEUse  on  the  equator  during  the  twelve  hours  from  sunrise 
till  sunset  at  the  time  of  the  equinoxes  is  to  the  total  amount  which 
woold  be  received  upon  that  surface,  were  the  sim  to  remain  in 
the  zenith  during  those  twelve  hours,  as  the  diameter  of  a  circle  to 
half  its  circumference,  or  as  1  to  1'5708.     It  follows,  therefore, 
that  a  8<]^uare  foot  of  surface  on  the  equator  receives  from  the  sun 
at  the  time  of  the  equinoxes  1,780,474  foot-pounds  daily,  and  a 
square    mile  49,636,750,000,000,   foot-pounds    daily.       Isut    this 
amounts  to  only  -^r^h^j^  P^^  ^^  ^^^  quantity  of  heat  daily  con- 
veyed from  the  tropics  by  the  Gulf-stream.     In  other  words,  the 
Gulf-stream  conveys  as  much  heat  as  is  received  from  the  sun  by 
3,121,870  square  miles  at  the  equator.     The  amount  thus  conveyed 
is  equal  to  all  the  heat  which  falls  upon  the  globe  within  63  miles 
on  each  side  of  the  equator.     According  to  calculations  made  by 
Mr.  Meech,^  the  annual  quantity  of  heat  received  by  a  unit  surface 
<m  the  frigid  zone,  taking  the  mean  of  the  whole  zone,  is  ^{^  of 

•  The  Gulf-stream  at  the  narrowest  place  exainiued  by  the  Coast  Survey,  and 
tt«  place  where  itn  velocity  was  greatest,  was  found  to  be  over  30  statute  mfles 
te)td  and  1950  feet  deep.  But  we  must  not  suppose  tliis  represents  all  the  warm 
Viter  which  is  received  by  the  Atlantic  from  tlio  equator;  a  pricat  mass  of  water 
flowB  into  the  Atlantic  without  passing  through  the  Straits  of  Florida. 

\  Trana.  of  Roy.  Soc  of  Edinb.,  voL  xxi,  p.  57.    Phil.  Mag.,  S.  4,  voL  ix,  p.  36. 

X  Smithsonian  Ck)ntnbution8  to  Knowledge,  vol.  iz. 
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that  received  at  the  equator;  consequently  the  quantity  of  kit 
conveyed  by  the  Gulf-stream  in  one  year  is  equal  to  the  heat  wiiid 
falls  on  an  average  on  6,873,800  square  miles  of  the  arctic  r^om 
The  frigid  zone  or  arctic  regions  contain  8,130,000  Bqnare  miki 
There  is  actually,  therefore,  nearly  as  much  heat  transferred  from 
tropical  regions  by  the  Gulf-stream  as  is  received  from  the  son  by 
the  entire  arctic  regions,  the  quantity  conveyed  by  the  stream  to 
that  received  from  the  sun  by  those  regions  being  as  15  to  I8u 

But  we  have  l>een  assuming  in  our  calculations  that  tlie  perceiifr> 
age  of  heat  absorbed  by  the  atmo8j)here  is  no  greater  m  polir 
regions  than  it  is  at  the  equator,  which  is  not  the  case.  If  we 
make  due  allowance  for  the  extra  amount  absorl>ed  in  polar  region 
in  consequence  of  the  obliqueness  of  the  sun's  rays,  the  total  quan- 
tity of  heat  conveyed  by  the  Gulf-stream  will  probably  nearij 
equal  the  amount  received  from  the  sun  by  tne  entire  arctie 
regions. 

If  we  compare  the  quantity  of  heat  conveyed  by  the  Onlf-stretm 
with  that  convoyed  by  means  of  atrial  currents,  the  result  is  eqoillf 
startling.  The  density  of  air  to  that  of  water  is  as  1  to  770,  and 
its  specific  heat  to  that  of  water  is  as  1  to  4*2 ;  consequently  tiie 
same  amount  of  heat  that  would  raise  1  cubic  foot  of  water  1* 
would  raise  770  cubic  feet  of  air  4® -2,  or  3234  cubic  feet  1**,  The 
quantity  of  heat  conveyed  by  the  Gulf-stream  is  therefore  equal 
to  that  which  would  be  conveyed  by  a  current  of  air  3284  tintti 
the  volume  of  the  Gulf-stream,  at  the  same  temperature  and  mov- 
ing with  the  same  velocity.  Taking,  as  before,  the  width  of  the 
stream  at  50  miles,  and  its  de])th  at  1000  feet,  and  its  velocity  at 
4  miles  an  hour,  it  follows  that,  in  order  to  convey  an  equal  amoont 
of  heat  from  the  tropics  by  means  of  an  a(^rial  current,  it  would 
be  necessary  to  have  a  current  about  1  i  mile  dee]),  and  at  the  tem- 
perature of  05^,  blowing  at  the  rate  of  four  miles  an  hour  fixm 
every  ])art  of  the  equator  oA'^er  the  northern  hemisphere  towards 
the  pole.  If  its  velocity  were  (^qual  to  that  of  a  good  sailing- 
breeze,  which  Sir  John  Herschel  states  to  be  about  twenty-one 
miles  an  hour,  the  current  would  require  to  be  above  1200  fed 
deep.  A  greater  quantity  of  heat  is  probably  conveyed  by  the 
Gulf-stream  alone  from  the  tropical  to  the  temperate  and  arctic 
regions  than  by  all  the  aerial  currents  which  flow  trom  the  equator. 

ifft  4^  4t  *  it 

The  anti-trades  or  upT)er  return-currents,  as  we  have  seen,  bring 
no  heat  from  the  tropical  re;i:ions.  After  traversmg  some  2000 
miles  in  a  region  of  extreme  cold  they  descend  on  the  Atlantic  as 
a  cold  current,  and  there  absorb  the  heat  and  moisture  which  thcv 
carry  to  northeastern  Europe.  Those  atrial  currents  derive  their 
heat  from  the  Gulf-stream,  or  if  it  is  preferred,  from  the  wann 
water  poured  into  the  Atlantic  by  the  Gulf-stream.  How,  then, 
are  these  winds  heated  by  the  wann  water?  The  air  is  heated  in 
two  ways,  viz :  by  direct  rmliation  from  the  water,  and  by  eonlM 
with  the  water.  Now,  if  the  Gulf-stream  continued  a  narrow  and 
deep  current  during  its  entire  course  similar  to  what  it  is  at  the 
Straits  of  Florida,  it  could  have  little  or  no  opportunity  of  com- 
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manicating  its  heat  to  the  air  either  by  radiation  or  by  contact. 
K  the  stream  was  only  about  40  or  50  miles  in  breadth,  the  atrial 
particles  in  their  passage  across  it  would  not  be  in  contact  with 
warm  water  more  than  an  hour  or  two.  Also  the  number  of  the 
particles  in  contact  with  the  water,  owing  to  the  narrowness  of 
the  stream,  would  be  small,  and  there  would  therefore  be  little 
opportunity  for  the  air  becoming  heated  by  contact.  The  same 
also  holds  true  in  regard  to  radiation.  The  more  we  widen  the 
stream  and  increase  its  area,  the  more  we  increase  its  radiating 
surface ;  and  the  greater  the  radiating  surface,  the  greater  is  the 
quantity  of  heat  thrown  off  But  this  is  not  all ;  the  number  of 
adrial  particles  heated  by  radiation  increases  in  proportion  to  the 
area  of  the  radiating  surface ;  consequently  the  wider  the  area  over 
which  the  waters  of  the  Gulf-stream  are  spread,  the  more  effectual 
will  the  stream  be  as  a  heating-agent.  And,  again,  in  order  that 
E  very  wide  area  of  the  Atlantic  may  be  covered  with  the  warm 
waters  of  the  stream,  slowness  of  motion  is  essential.     ♦    *     * 

The  quantity  of  heat  conveyed  by  the  Gulf-stream,  as  we  have 
seen,  is  e(}ual  to  all  the  heat  received  from  the  sun  by  3,121,870 
square  miles  at  the  equator.  Mr.  Findlay,  however,  as  has  been 
stated,  thinks  that  I  have  doubled  the  actual  volume  of  the  stream. 
Assuming  that  I  have  done  so,  the  amount  of  heat  carried  by  the 
stream  would  still  be  equal  to  all  the  heat  received  from  the  sun 
by  1 ,560,935  square  miles  at  the  equator.  The  mean  annual  quan- 
titv  of  heat  received  from  the  sun  by  the  temperate  regions  per 
unit  surface  is  to  that  received  by  the  equator  as  9*83  to  12.*  Con- 
sequently the  quantity  of  heat  conveyed  by  the  stream,  taking 
Mr.  Findlay's  estimate  of  its  volume,  is  equal  to  all  the  heat 
received  from  the  sun  by  2,062,960  square  miles  of  the  temperate 
regions.  The  total  area  of  the  Atlantic  from  the  latitude  of  the 
Straits  of  Florida,  200  miles  north  of  the  tropic  of  Cancer,  up  to 
the  Arctic  Circle,  including  also  the  German  Ocean,  is  aoout 
8,500,000  square  miles.  In  this  case  the  quantity  of  heat  carried 
by  the  Gulf-stream  into  the  Atlantic  through  the  Straits  of  Florida, 
to  that  received  by  this  entire  area  from  the  sun,  is  as  1  to  4*12, 
or  in  round  numbers  as  1  to  4.  It  therefore  follows  that  one-fiflh 
of  all  the  heat  possessed  by  the  waters  of  the  Atlantic  over  that 
area,  even  supposing  that  they  absorb  every  ray  that  falls  upon 
them,  is  derived  from  the  Gulf  stream.  Would  those  who  call  in 
question  the  efficiency  of  the  Gulf-stream  be  willing  to  admit  that 
E  decrease  of  one-fourth  in  the  total  amount  of  heat  received  from 
the  sun,  over  the  entire  area  of  the  Atlantic  from  within  200  miles 
of  the  tropical  zone  up  to  the  arctic  region,  would  not  sensiblv 
affect  the  climate  of  N  orthem  Europe  ?  If  they  would  not  will- 
ingly admit  this,  why,  then,  contend  that  the  Gulf-stream  does  not 
anect  climate  ?  for  the  stoppage  of  the  Gulf-stream,  takuig  it  at 
Mr.  Findlay's  estimate,  would  deprive  the  Atlantic  of  77,479,650, 
000,000,000,000  foot-pounds  of  energy  in  the  form  of  heat  per  day, 
a  quantity  equal  to  one-fourth  of  all  the  heat  received  from  the 
sun  by  that  area. 

*  See  Smithsonian  Contributions  to  Knowledge,  vol  ix. 
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Were  the  sun  extinguished,  the  temperature  oyer  the  whole 
earth  would  sink  to  nearly  that  of  stellar  space,  which,  according 
to  the  investigations  of  Sir  John  Herscliel*  and  of  M.  Pouillet,f  is 
not  above  — 239^  F.  Were  the  earth  possessed  of  no  atmosphere, 
the  temperature  of  its  surface  would  sink  to  exactly  that  of  space, 
or  to  that  indicated  by  a  thermometer  exposed  to  no  other  heat- 
influence  than  that  of  radiation  from  the  stars.  But  the  presence 
of  the  atmospheric  envelope  would  slightly  modify  the  conditions 
of  things;  for  the  heat  from  the  stars  (which  of  course  constitutes 
what  is  called  the  temperature  of  space)  would,  like  the  son's  heat, 
pass  more  freely  through  the  atmosphere  than  the  heat  radiated 
back  from  the  earth,  and  there  would  in  consequence  of  this  be  an 
accumulation  of  heat  on  the  earth's  surface.  The  temperature 
would  therefore  stand  a  little  higher  than  that  of  space ;  or,  in 
other  words,  it  would  stand  a  little  higher  than  it  would  otherwise 
do  were  the  earth  exposed  in  space  to  the  direct  radiation  of  the 
stars  ^4thout  the  atmospheric  envelope.  But,  for  reasons  which 
will  presently  be  stated,  we  may  in  the  mean  time,  till  further  light 
is  cast  upon  this  matter,  take  — 239°  F.  as  probably  not  far  from 
what  would  be  the  temperature  of  the  earth's  surface  were  the 
sun  extinguished. 

Suppose,  now,  that  we  take  the  mean  annual  temperature  of  the 
Atlantic  at,  say,  56^t  Then  239*'+56°=296°  represents  the  num- 
ber of  degrees  of  rise  due  to  the  heat  which  it  receives.  In  other 
words,  it  takes  all  the  heat  that  the  Atlantic  receives  to  maintain  its 
temperature  296°  above  the  temperature  of  space.  Stop  the  Gulf- 
stream,  and  the  Atlantic  would  be  deprived  of  one-fiflh  of  the  heat 
which  it  possesses.  Then,  if  it  takes  five  parts  of  heat  to  main- 
tain a  temperature  of  296®  above  that  of  space,  the  four  parts 
which  would  remain  afler  the  stream  was  stopped  would  only  be 
able  to  maintain  a  temperature  of  foui^fifths  of  296°  or  236°  above 
that  of  space :  the  stoppage  of  the  Gulf-stream  would  therefore  de- 
prive the  Atlantic  of  an  amount  of  heat  which  would  be  sufficient 
to  maintain  its  temperature  59°  above  what  it  would  otherwise 
be,  did  it  depend  alone  upon  the  heat  received  directly  from  the 
sun.  It  does  not,  of  course,  follow  that  the  Gulf-stream  actually 
maintains  the  temperature  59°  above  what  it  would  otherwise  be 
were  there  no  ocean-currents,  because  the  actual  heating-effect  of 
the  stream  is  neutralized  to  a  very  considerable  extent  by  cold 
currents  from  the  arctic  regions.  But  59°  of  rise  represent  its 
actual  power;  consequently  59°,  minus  the  lowering  effect  of  the 
cold  currents,  represent  the  actual  rise.  What  the  rise  may 
amount  to  at  any  particular  place  must  be  determined  by  other 
means.         *        *        * 

♦  *  Meteorology.*  Section  36. 

f  Comptes  Rendus,  July  9,  1838.    Taylor's  Scientific  Memoirs,  voL  ix,  p.  44, 

(1846). 

I  Ihe  mean  temperature  of  tlie  Atlantic  between  the  tropics  and  the  arctic 
circle,  according  to  Admiral  FitzRoy's  chart,  is  about  60°.  But  he  assigns  far  too 
high  a  temperature  for  latitudes  above  50°.  It  is  probable  that  50°  is  not  far  from 
the  truth. 
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At  present  there  is  a  difference  merely  of  80°  between  the  mean 
temperature  of  the  equator  and  the  poles  ;*  but  were  each  part  of 
the  ff lobe's  surface  to  depend  alone  upon  the  direct  heat  which  it 
receives  firom  the  sun,  there  ought,  according  to  theory,  to  be  a 
difference  of  more  than  200°.     The  annual  quantity  of  heat  received 
at  the  equator  to  that  received  at  the  poles,  supposing  the  propoi^ 
tionate  quantity  absorbed  by  the  atmosphere  to  be  the  same  in 
both  cases,  is  as  12  to  4*98,  or,  say,  as  12  to  5.     Consequently  if 
the  temperatures  of  the  equator  and  the  poles  be  taken  as  propoi^ 
tionate  to  the  absolute  amount  of  heat  received  from  the  sun,  then 
the  temperature  of  the  equator  above  that  of  space  must  be  to 
that  of  the  poles  above  that  of  space  as  12  to  5.    What  ought, 
therefore,  to  be  the  temperatures  of  the  equator  and  the  poles,  did 
each  place  depend  solely  upon  the  heat  which  it  receives  directly 
fix)m  the  sun  ?    Were  all  ocean  and  aerial  currents  stopped,  so  that 
there  could  be  no  transference  of  heat  from  one  part  of  the  earth's 
■urEace  to  the  other,  what  ought  to  be  the  temperatures  of  the 
equator  and  the  poles  ?    We  can  at  least  arrive  at  a  rough  esti- 
mate on  this  point.     If  we  diminish  the  quantity  of  warm  water 
conveyed  firom  the  equatorial  regions  to  the  temperate  and  arctic 
regions,  the  temperature  of  the  equator  will  begm  to  rise  and  the 
temperature  of  the  poles  to  sink.     It  is  probable,  however,  that 
this  process  would  anect  the  temperature  of  the  poles  more  than 
it  would  do  that  of  the  equator;  for  as  the  warm  water  flows  from 
the  equator  to  the  poles,  the  area  over  which  it  is  spread  becomes 
less  and  less.     But  as  the  water  from  the  tropics  has  to  raise  the 
temperature  of  the  temperate  regions  as  well  as  the  polar,  the  dif- 
ference of  effect  at  the  equator  and  poles  might  not,  on  that 
account,  be  so  very  great.     Let  us  take  a  rough  estimate.     Say 
that,  as  the  temperature  of  the  equator  rises  one  degree,  the  tem- 
perature of  the  poles  sinks  about  one  degree  and  a  half.     The 
mean  annual  temperature  of  the  globe  is  about  58°.     The  mean 
temperature  of  the  equator  is  80°,  and  that  of  the  poles  0°.     Let 
ocean  and  atrial  currents  now  begin  to  cease,  the  temperature  of 
the  equator  begins  to  rise  and  the  temperature  of  the  poles  to  sink. 
For  every  degree  that  the  equator  rises  the  poles  sink  1  ^°;  and 
when  the  currents  are  all  stopped  and  each  place  dependent  alone 
upon  the  direct  rays  of  the  sun,  the  mean  annual  temperature  of 
the  equator  above  that  of  space  will  be  to  that  of  the  poles, 
above  that  of  space,  as  12  to  5.     When  this  proportion  is  reached, 
the  equator  will  be  374°  above  thai  of  space,  and  the  poles  156°; 
for  374  is  to  156  as  12  is  to  5.     The  temperature  of  space  we  have 
seen  to  be  — 239°,  consequently  the  temperature  of  the  equator 
will  in  this  case  be  135°,  reckoned  from  the  zero  of  the  Fahren- 
heit thermometer,  and  the  poles  83°  below  zero.      The  equator 
would  therefore  be  55°  warmer  than  at  present,  and  the  poles  83° 
colder.     The  difference  between  the  temperature  of  the  equator 
and  the  poles  will  in  this  case  amount  to  218°. 

*  The  mean  temperature  of  the  equator,  according  to  Dove,  is  79^*7,  and  that 
of  the  north  pole  2^*3.  But  as  there  is  of  course  some  uncertainty  regarding  the 
actual  mean  temperature  of  the  poles,  we  maj  take  the  difference  in  round  num- 
bers at  80®. 
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Now,  if  we  take  into  account  the  quantity  of  positive  energy  in 
the  form  of  heat  carried  by  warm  currents  from  the  equator  to 
the  temperate  and  polar  regions,  and  also  the  quantity  of  negative 
energy  (cold)  carried  by  cold  currents  from  the  polar  regions  to 
the  equator,  we  shall  find  that  they  are  sufficient  to  reduce  the  dif* 
fercnce  of  temperature  between  the  poles  and  the  equator  from 
218°  to  80^ 

The  quantity  of  heat  received  in  the  latitude  of  London,  for 
example,  to  that  received  at  the  equator  is  about  as  12  to  8.     ThiBi 
according  to  theory,  should  produce  a  difference  of  about  126*. 
The  temperature  of  the  equator  above  that  of  space,  as  we  have 
seen,  would  be  374**.     Therefore  249^  above  that  of  spaoe  would 
represent  the  temperature  of  the  latitude  of  London.     This  would 
give  1 0^  as  its  temperature.     The  stoppage  of  all  ocean  and  adrial 
currents  would  thus  increase  the  difference  between  the  equator 
and  the  latitude  of  London  by  about  85^.     The  stoppage  of  ocean- 
currents  would  not  be  nearly  so  much  felt,  of  coui*se,  m  the  latitude 
of  London  as  at  the  equator  and  the  poles,  because,  as  has  been 
already  noticed,  in  all  latitudes  midway  between  the  equator  and 
the  poles  the  two  sets  of  currents  to  a  considerable  extent  compeih 
sate  each  other ;  viz.  the  warm  currents  from  the  equator  raise  the 
temperate,  while  the  cold  ones  from  the  poles  lower  it ;  but  as  the 
warm  currents  chiefly  keep  on  the  surface  and  the  cold  retum-cu^ 
rents  are  principally  under-currents,  the  heating  effect  very  greatly 
exceeds  tne  cooling  effect.     Now,  as  we  have  seen,  the  stoppage 
of  all  currents  would  raise  the  temperature  of  the  equator  56  ; 
that  is  to  say,  the  rise  at  the  equator  alone  would  increase  the  d]f> 
ference  of  temperature  between  the  equator  and  that  of  London 
by  55**.     But  the  actual  difference,  as  we  have  seen,  ought  to  be 
85°;  consequently  the  temperature  of  London  would  be  lowered 
30**  by  the  stoppage  of  the  currents.     For  if  we  raise  the  tempera- 
ture of  the  equator  55°  and  lower  the  temperature  of  London  30°, 
we  then  increase  the  difference  by  85®.     The  normal  temperature 
of  the  latitude  of  London  being  40°,  the  stoppage  of  all  ocean 
and  atrial  currents  would  thus  reduce  it  to  10°.     But  the  Gulf- 
stream  raises  the  actual  mean  temperature  of  London  10°  above 
the  normal     Consequently  30°+10°=40°  represents  the  actusl 
rise  at  London  due  to  the  influence  of  the  Gulf-stream  over  and 
above  all  the  lowering  effects  resulting  from  arctic  currents.     On 
some  parts  of  the  American  shores  on  the  latitude  of  London,  the 
temperature  is  1 0°  below  the  normal.     The  stoppage  of  all  ocean 
and  aerial  currents  would  therefore  lower  the  temperature  there 
only  20°.         *         *         ♦ 

[The  author  next  shows  that  the  climate  of  the  arctic  must  be 
aflected  by  the  Gulf-stream ;  and  also  that  the  low  temperature  of 
the  southern  hemisphere  is  owing  to  the  Ocean-currentsj. 

Without  Ocean-currents  the  &lobe  would  not  be  hoMtdble, — ^All 
these  foregoing  considerations  show  to  what  an  extent  the  climatic 
condition  of  our  globe  is  due  to  the  thermal  influences  of  ocean- 
currents. 
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lB  regards  the  northern  hemisphere,  we  have  two  immense 
.ns,  the  Pacific  and  the  Atlantic,  extending  from  the  eqnator 
ear  the  north  pole,  or  perhaps  to  the  pole  altogether.  Between 
e  two  oceans  he  two  great  continents,  the  eastern  and  the  west- 
Owing  to  the  earth's  spherical  form,  by  far  too  much  heat  is 
ived  at  the  equator  and  by  far  too  little  at  high  latitudes  to 
:e  the  earth  a  suitable  habitation  for  sentient  beings.  The 
(tion  of  these  two  great  oceans  is  to  remove  the  heat  n-om  the 
itor  and  carry  it  to  temperate  and  polar  regions.  Atrial  cur- 
s  could  not  do  this.  They  might  remove  the  heat  from  the 
itor,  but  they  could  not,  as  we  have  already  s^en,  carry  it  to 
temperate  and  polar  regions ;  for  the  greater  portion  of  the 
t  which  atrial  currents  remove  from  the  equator  is  dissipated 

stellar  space :  the  ocean  can  alone  convey  the  heat  to  distant 
"et.  But  atrial  currents  have  a  most  important  function ;  for 
rhat  avail  would  it  be,  though  ocean-currents  should  carry  heat 
ligh  latitudes,  if  there  were  no  means  of  spreading  the  heat 
I  conveyed  over  the  land  ?  The  frmction  of  atrial  currents  is 
:o  this.  Upon  this  twofold  arrangement  depends  the  thermal 
iition  of  tne  globe.  Exclude  the  waters  of  the  Pacific  and 
Atlantic  from  temperate  and  polar  regions  and  place  them  at 
eauator,  and  nothing  now  existing  on  the  globe  could  live  in 
i  latitudes. 
iTere  these  two  great  oceans  placed  beside  each  other  on  one 

of  the  globe,  and  the  two  great  continents  placed  beside  each 
sr  on  the  other  side,  the  northern  hemisphere  would  not  then 
taitable  for  the  present  order  of  things :  the  land  on  the  central 

on  the  eastern  side  of  the  united  continent  would  be  by  far 
cold.        *        ♦        ♦ 

n.    GEOLOGY. 

,  Sun^JPictures  of  Rocky  Mountain  Scenery  ^  by  Dr.  F.  V. 
n>ssr,  Pro£  of  Mineralogy  and  Geology  in  the  University  of 
nsylvania. — We  have  been  permitted  to  make  the  following 
ractB  from  a  work  of  the  above  title,  by  Dr.  Hayden,  which  is 
1  to  be  published  by  Julius  Bien  of  New  York.*  The  volume 
contain  thirty  photographic  views  along  the  line  of  the  Pacific 
road  from  Omaha  to  Sacramento,  and  besides  a  description  of 

Seographical  and  geological  features  of  the  country,  by  Dr. 
en,  wnose  researches  over  the  Rocky  Mountains  have  often 
ti  chronicled  in  this  Journal  We  understand  that  the  views 
cted  for  publication  are  generally  those  that  illustrate  the  geo- 
phical  and  geological  features  of  the  region,  and  are  interesting 
ne  student  of  science  as  well  as  to  the  artist  and  the  lovers  of 
picturesque  in  nature. 

'ommunications  on  the  Fossil  Plants,  Mammals,  Fishes,  Insects, 
,  have  been  contributed  by  Messrs.  Newberry,  Leidy,  Cope,  and 

Fhe  work  will  be  issued  to  subscribers  only,  at  $25  per  copy,  and  subscriptio&s 
M  be  addres-sed  to  Julius  Bien,  lithographer,  16  and  18  Park  Place,  New  York 
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Scudder,  and  our  extracts  are  from  these  papers,  and  from  some  of 
the  notes  of  Dr.  Hayden,  ftimished  us  by  him. 

Photograph  No.  9,  illustrates  a  peculiar  feature  of  the  surface 
near  the  junction  of  Hilter  Creek  with  Green  river.  The  forma- 
tions are  composed  of  thin  layers  of  fine  sand,  clay  and  sandstones 
or  chalky  limestones  readily  disintegrating  on  the  surface,  and,  as 
it  were,  breaking  down,  so  that  the  water  has  worn  an  almost  un- 
limited series  of  furrows  or  small  ridges  with  considerable  uniform- 
ity ;  sometimes  on  the  summits  of  the  hills  or  ridges  harder  portions 
are  left,  which  wear  into  castellated  forms.  This  peculiar  appea^ 
ance  of  the  surface  is  not  uncommon  aU  over  the  west  where  the 
Cretaceous  and  Tertiary  formations  prevail,  especially  where  they 
are  composed  of  rather  soft  clays  and  sands.  The  black  plastic 
clays  of  the  Cretaceous  beds  on  the  Upper  Missouri  are  subject  to 
this  style  of  weathering,  as  well  as  much  of  th(^  country  usually 
termed  the  "  Bad  Lands." 

This  appearance  of  the  surface  carries  with  it,  also,  the  aspect  of 
desolation.  There  is  little  vegetation  but  the  wild  sage,  Chenopo- 
diaceous  shrubs,  and  other  plants  which  love  the  alkaline  soils.  Dt- 
tie  depressions  occur  here  and  there  in  which  the  surface  waters 
accumulate  in  wet  weather ;  but  in  the  dry  season  the  water  evap- 
orates and  the  surface  is  left  with  a  thick  incrustation  of  salts  of 
soda,  magnesia,  (fee.  I  have  called  the  formation  along  Green 
river,  the  Green  river  shales,  from  the  fact  that  the  sediments  are 
arranged  in  regular  layers,  mostly  tliin  like  shale,  varying,  how- 
ever, m  thickness,  from  that  of  a  knife  blade  to  several  feet.  This 
laminated  character  with  the  slight  variations  in  color  give  to  the 
hills  the  peculiar  branded  appearance  as  shown  in  Photographs  11 
and  12  of  "  Citadel  Rock  "  and  "  Castle  Rock." 

Photograph  No.  10,  illustrates  a  cut  along  the  railroad  through 
thin  layers  of  a  sort  of  cream-colored  chalky  limestone.  Some  of 
the  layers  are  of  a  dark  brown  color  and  so  saturated  with  petro- 
leum that  they  bum  with  a  good  deal  of  freedom.  This  cut  is 
usually  called  the  "  Burning  Rock  cut "  from  the  fact  that  during 
the  progress  of  the  work,  the  men  built  a  fire  by  the  side  of  one  of 
the  walls,  and  the  rocks  ignited,  burning  for  some  days,  illuminating 
the  labors  of  the  workmen  by  night,  and  filling  the  valley  with  s 
dense  smoke  by  day.  In  the  distance  may  be  seen  the  banks  of 
Green  river  formed  of  similar  rocks,  which  are  made  up  for  the  most 
part  of  silica,  lime,  and  some  clay,  excellent  material  for  the  pre- 
servation of  organic  remains.  Besides,  all  the  rocks  are  more  or 
less  impregnated  with  the  oily  substance  which  no  doubt  orig^inated 
from  tne  vast  quantities  of  animals  which  existed  in  this  lake,  the 
remains  of  which  are  found  in  the  greatest  abundance  every  where. 
One  of  these  excavations  along  the  railroad  bears  the  name  of  the 
"  Petrified  Fish  Cut,"  on  account  of  the  thousands  of  beautiful  and 
perfect  impressions  of  fishes  which  are  shown  on  the  surface  of  the 
thin  slabs  or  layers  of  rock«  Sometimes  a  dozen  or  two  of  these 
little  herring  are  found  on  an  area  of  a  square  footb  Insects, 
water  plants,  and  a  remarkable  specimen  of  9^feat?ier  qf  a  bird  has 


Geology.  127 

eeD  found  here.  The  feather  Prof  Marsh  regards  as  a  unique 
pecimen,  forming  a  most  interesting  addition  to  the  bird  remains 
f  North  America.  It  is  the  distal  portion  of  a  large  feather,  with 
he  shafb  and  vane  in  such  excellent  preservation  that  it  may  per- 
laps  indicate  approximately  the  nature  of  the  bird  to  which  it 
belonged, 

My  collection  offossU  fishes  from  these  shales  was  verylarge, 
nd  my  success  was  mostly  due  to  the  kind  aid  of  Mr.  A.  W.  Hil- 
iard,  a  gentleman  of  intelligence,  who  superintended  the  excava- 
ions  on  the  line  of  the  railroad,  and  preserved  from  time  to  time 
ach  specimens  of  value  as  came  to  his  observation. 

Prot  E.  D.  Cope,  a  distinguished  comparative  anatomist  of 
Hiiladelphia,  has  kindly  prepared  the  following  account  of  the  pet- 
^iedfim  remains  which  were  submitted  to  hun  for  examination, 
specially  for  this  work.     Prof  Cope  says : 

**  The  fishes  placed  in  my  hands  for  determination  by  you,  consist 
f  four  species,  viz:  one  Acanthopterygian,  Asineops  squamifrons 
Jope,  and  three  Malacopterygians,  Vlupea  humilis  Leidy,  Clupea 
tuitta  Cope,  Cyprinoaon  levatus  Cope.  Those  named  by  the 
rriter  were  not  previously  known,  and  tne  Asineops  represents  also 

JBnus  not  before  brought  to  the  notice  of  scientific  men.  In 
nary  language  the  last  mentioned  fish  is  a  perch,  but  in  no 
L^ree  similar  to  the  white  and  yellow  brought  to  our  markets. 
lie  nearest  resemblance  in  general  structure  is  to  be  found  in  the 
•lack  bass  of  the  Ohio  and  Tennessee  rivers,  but  a  closer  similarity 
1  form  exists  in  the  Red  Eye  or  Goggled  Eyed  perch  of  western 
nd  southern  rivers,  Ambloplites  of  Naturalists.  Zoologically  it 
\  not  very  nearly  related  to  either,  for  it  combines  with  some  of 
beir  characters,  others  now  existing  only  in  marine  fishes  of 
ther  families.  It  is  an  aberrant  form  of  the  family  of  Chrotodons, 
fblch  embraces  marine  fishes  only,  and  which  chiefiy  abound  at 
be  present  time  in  the  Indian  and  Pacific  Oceans.  Bat  the  form 
nd  proportions  of  its  fins  and  scales  remind  one  very  much  of  the 
wamp  and  the  tide  water  sun  perch  of  New  Jersey,  (Acanthar- 
hitispomotis  Baird,  Bryttus  sp.  etc.),  and  suggest  a  similarity  of 
abit.  The  teeth  are  fine  and  the  dentition  brush-like  as  in  the 
:eeh  water  and  many  marine  perch,  and  its  food  was  probably 
mch  like  theirs.  As  far  as  zoological  evidence  goes,  there  is 
othing  to  indicate  whether  this  species  belonged  to  fresh  or  salt 
rater;  its  unarmed  character  constitutes  a  pecularity  much  more 
revalent  among  fresh  water  than  marine  fishes,  while  its  zoolo- 
ical  afiinities,  so  far  as  known,  are  altogether  with  marine  forms. 
Q  size  this  fish  exceed  the  red  eye,  and  was  less  than  the  black 
am,  averaging  about  as  the  yellow  perch. 

^  The  Clupeas  are  herring  of  small  species,  considerably  less  than 
be  herring  of  our  coasts.  One  of  the  blocks  contains  tne  remains 
f  two  small  shoals  of  the  fry,  probably  of  Clupea  humilis  which 
^ere  caught  suddenly  by  a  shde  or  fall  of  calcareous  mud,  and 
Qtombed  for  the  observation  of  future  students.  They  must  have 
een  taken  unawares,  since  they  lie  with  their  heads  all  in  one 
irection  as  they  swam  in  close  bodies.    One  or  two  may  have  had 
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a  moment^B  warning  of  the  catastrophe,  as  they  have  turned  a  little 
aside,  but  they  are  the  exceptions.  The  fry  are  from  one-half  to 
three  quarters  of  an  inch  long  and  upwards. 

"The  herring,  or  those  without  teeth,  are  chiefly  marine,  but  they 
run  into  fresh  water  to  deposit  their  flp&wn  in  the  spring  of  the 
year,  and  then  return  to  salt  waters.  The  young  run  down  to  the 
sea  in  autumn  and  remain  there  till  old  enough  to  spawn.  The 
size  of  the  fry  of  the  Rocky  Mountain  herring  indicates  that  they 
had  not  long  left  their  spawning  ground,  while  the  abundance  of 
adults  suggests  that  they  were  not  tar  from  salt  water,  their  native 
element,  lo  believe  then  that  the  locality  from  which  the  specimens 
were  taken,  was  neither  far  from  fresh  nor  far  from  salt  water,  \a 
reasonable,  and  this  i>oints  to  a  tide  or  brackish  inlet  or  river. 
Lastly,  the  species  of  Cyprinodon  inhabit  also  tide  and  brackish 
waters.  Most  of  the  species  of  the  family,  as  well  as  of  the  genufl| 
are  inhabitants  of  fresh  water,  but  they  generally,  especially  the 
Cypriuodons  proper,  prefer  still  and  muddy  localities,  and  oftea 
occur  in  water  really  salt.  This  habitat  distinguishes  them  es- 
pecially from  Cyprinida)  (minnows  and  suckers)  and  Pike.  Ibe 
materials  which  compoi>e  the  shales  indicate  quiet  water,  and  not 
such  as  is  usually  selected  by  herring  for  spawning  in,  while  the 
abundance  of  adult  Clupeas  indicate  the  proximity  of  salt  water. 
This  is  far  from  a  satistactory  demonstration  of  the  nature  of  the 
water  which  deposited  this  mass  of  shales,  but  it  is  the  best  that  can 
be  attained  with  such  a  meagre  representation  of  species. 

"  As  to  geological  age,  the  indications  are  rather  more  satisfactory. 
The  genus  Clupea  ranges  from  the  Upper  Eocene  upward,  being 
abundant  in  the  slates  of  Lebanon  and  Monte  kolca,  while 
Cyprinodon  has  been  found  in  neither,  but  first  appears  in  the 
miadle  or  lower  Miocene  in  Europe.  The  Asineops  resemble  very 
closely,  and  I  believe  essentially,  the  Py^aeus  of  Agassis,  o( 
Eocene  age,  from  Monte  Bolca.  The  peculiarities  presented  by 
the  genus  found  by  Dr.  Hayden  are  of  such  small  significance  as 
to  lead  me  to  doubt  the  beds  in  question  being  of  later  than 
Eocene  in  age,  though  the  evidence  rests  chiefly  on  this  single  new 
and  peculiar  genus. 

"  The  position  of  these  fishes,  7,000  feet  above  the  level  of  the  sea, 
furnishes  another  illustration  of  the  extent  of  the  elevations  of 
regions  once  connected  with  the  ocean,  and  the  comparatively  late 
period  of  geological  time  at  which,  in  this  case,  this  elevation 
took  place. " 

The  fossil  Insects  were  examined  by  Mr.  Samubl  H.  Scuddbb, 
of  Boston,  and  he  has  kindly  prepared  the  following  short  but  very 
interesting  note.  The  insects  were  found  in  the  same  locality  with 
the  fishes. 

"  The  fossil  insects  foimd  by  Dr.  Hayden  in  the  tertiary  shales 
of  Green  river,  belong  to  three  species,  one  being  an  ant,  the  othen 
flies.  The  ant  is  rather  poorljr  preserved  and  must  he  examined 
with  great  care  before  its  precise  character  can  be  determined. 

The  larger  fly,  of  which  we  can  distinguish  almost  the  whole  of 
the  body,  though  but  little  of  the  wings,  evidently  belonged  to 


Geology.  129 

ae  species  of  Syrphidce ;  it  is  nearly  three  quarters  of  an  inch 
Lensth  and  seems  to  have  had  a  bright  colored  abdomen,  banded 
:ii  black.  In  their  perfect  state,  all  of  this  family  are  very  fond 
flowers,  but  the  typical  species  are  particularly  interesting  from 
$  peculiar  habits  oi  the  lanrse ;  these  are  footless  grubs  which 
d  on  plant  lice,  piercing  them  one  by  one,  and  suckmg  out  their 
oe  ;  it  is  more  lilcely,  however,  that  our  species  belonged  to  one 
the  genera  whose  xarvea  live  in  the  water,  or  about  decaying 
^etable  substances ;  larvae,  which  from  their  size  and  general  form 
ght  well  produce  such  a  fly  as  this,  were  found  abundantly  by 
ofesBor  Denton ;  they  evidently  inhabited  the  water. 
Hie  other  fly,  judging  from  the  neuration  of  the  wings,  which 
pretty  well  preserved,  seems  to  belong  to  the  great  family  of 
u9eidcBf  of  which  the  common  house  dy  is  an  example ;  it  may 
obably  be  referred  to  a  section  in  which  they  are  nearly  or  quite 
mting,  and  where  the  larvse  ordinarily  feed  upon  dead  animaJ 
itter  or  upon  decomposing  plants.  Belonging  to  the  same  group 
d  perhaps  already  allied,  are  the  species  of  Sphydra  which  live 
Bait  marshes,  and  frequent  salt  pans  to  such  an  extent  as  to  be 
ry  troublesome ;  they  have  been  discovered  in  the  saline  waters 
some  Nevadan  lakes,  and  Professor  Denton  states  that  dipterous 
rrtRj  probably  of  a  similar  kind,  are  found  in  great  nunibers  in 
kes  impregnated  with  petroleum.  It  is  probable  that  the  shales, 
which  these  remains  occur,  were  deposited  in  such  a  lake." 
About  a  mile  west  of  the  "  Petrified  Fish  Bed,"  is  a  cut  along 
te  railroad  which  passes  through  a  moderate  thickness  of  bun, 
lalky  limestone  filled  vrith  impressions  of  leaves  of  deciduous  treea 
hese  rocks  hold  a  position  about  one  hundred  feet  above  the  petro- 
om  shales  which  contain  the  fish  remains,  and  therefore  the  date  of 
leir  existence  may  be  regarded  as  somewhat  subsequent,  though 
doDging  to  the  same  basm.  Prof  J.  S.  Kewberry  has  given  these 
Iftots  a  partial  examination,  and  communicated  the  following  in- 
aesting  notes  in  the  form  of  a  letter. 

"  I  have  examined  the  plants  from  the  Green  River  beds  with  as 
ueh  care  as  the  limited  time  at  my  command  would  permit,  and 
n  surprised  in  not  finding  among  them  a  single  species  contained 
\  mxkj  of  your  other  great  collections  at  the  far  west.  They,  thus 
ir,  afford  no  certain  criteria  for  collating  the  Green  River  Tertia- 
es  with  those  of  other  localities  where  you  have  studied  them. 
he  plants  from  the  rocks  enclosing  the  coal  at  Marshall's  mine  are 
tore  siniificant,  as  they  include  species  {Flatanits  Ilaydeni^  which 
oertamly  different  wom  P.  (icerotdes)^  such  as  were  found  by 
ou  at  Carbon  Station,  and  at  the  mouth  of  the  Yellow  Stone. 
Ivery  collection  of  fossil  plants  received  from  the  Tertiary  of  the 
est  brings  to  light  many  new  species,  and  the  great  diversity 
'hich  they  exhibit  proves  either  a  number  of  plant-bearing  hon- 
MM,  or  great  localisation  of  the  species  in  the  Tertiary  flora. 
"  Among  your  Green  River  plants,  are  only  some  half  dozen 
lecies,  so  well  preserved  as  to  be  capable  of  satisfactory  identifi- 
Am,  JoutL  B«i<— Sboomd  Sbkiss,  Vol.  L,  No.  148.— July,  1870. 
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catioD  or  compariHon,  but  tbey  form  a  very  interestiiig  srcNf. 
Among  them  1  find  two  palms,  both  quite  unlike  anyUimg  dcAr 
found  on  this  continent.  One  is  a  new  Pheniciies,  refiemblDg 
Heer^s  Manicaria/ormosa.  The  other  but  an  imperfect  fragmM, 
is  yet  altogether  new  and  strange  to  me.  The  most  abundimt  iffr 
cies  contained  in  the  collection  is  a  Magnolia  allied  to  JH  termtMh 
vis  Lesqx.,  but  more  elongate  and  acute — also  an  oak  TeaembfiBg 
Qy^ercus  Sajfordi  Lesqx.  There  is  another  oak  in  the  ooUectkii 
a  laurel  (probably),  fragments  of  two  ferns  too  imperfect  for  d^ 
termination.  On  the  whole,  these  plants  resemble  most  tiMW 
described  by  Lesquereux  from  Mississippi,  and  I  am  inclined  to 
suspect  that  they  are  of  the  same  age.  This  would  make  At 
Green  River  beds  older  than  you  have  thought  them,  and  I  shonU 
want  more  material  before  venturing  anything  more  than  a  nt 
gestion  to  that  efiect.  1  trust  you  will  be  able  to  make  other  od* 
feotions  from  these  plant-beds  during  the  present  season. 

^'  The  specimens  contained  in  the  bluff  marly  limestones  of  Ae 
Green  River  series  are  generally  not  well  prescryed,  and  yei  I 
think  careful  search  at  the  locahty  where  these  plants  sent  ne 
were  obtained  w^ould  result  in  the  discovery  of  some  fine  tUngl 
I  would  especially  urge  a  search  for  fruits. 

''  The  aspect  of  the  small  croup  of  plants  now  before  me  fitn 
Green  River,  is  more  tropical  than  any  you  have  brought  firomdK 
west,  and,  as  we  have  reason  to  believe  that  our  Ek>cene  clinyM 
was  warmer  than  the  Miocene,  and  that  from  the  £ocene  epodi 
to  the  Glacial  period  a  progressive  depression  of  temperature  took 
place,  the  Green  River  beds  would  seem  to  be  of  early  rather  thn 
of  late  Miocene." 

2.  07i  the  Graphite  of  the  Laurentian  of  Canada  /  by  J,  W. 
Dawson.  (Jour.  GeoL  Soc,  1869,  112). — In  this  paper  Dr.  DiW- 
son  sustains  the  view  that  the  graphite  of  the  Canada  LaurentiiB 
is  of  organic  origin,  and  shows  that  the  amount  of  **  graphite  h 
the  Lower  Laurentian  Series  is  enormous."  A  limestone  in  thetoVB' 
ship  of  Buckingham  on  the  Ottawa,  which  is  600  feet  or  more  thick, 
with  some  three  intercalated  bands  of  gneiss,  is  in  some  parts  (M' 
fourth  graphite,  and  the  whole  is  not  less  than  20  or  80  per  cfrt 
graphite.  In  the  adjoining  township  of  Lochaber,  a  band  of  Bin*' 
stone  25  to  30  feet  thick  is  so  reticulated  with  graphite,  that  it  k 
mined  for  it;  and  another  bed  in  the  same  district,  10  to  ISftel 
thick,  yielding  20  per  cent  of  the  pure  material,  is  worked.  B 
occurs  m  equal  abundance  at  other  horizons  through  beds  of  fistt- 
stone  which  have,  according  to  Logan,  an  aggregate  thickness  rf 
3600  feet.  In  view  of  the  facts  Dr.  Dawson  adds  "  it  is  scaroelj 
an  exaggeration  to  maintain  that  the  quantity  of  carbon  in  tb 
Laurentian  is  equal  to  that  in  similar  areas  of  the  Carboniieroii 
system." 

On  the  mode  of  occurrence  and  origin  the  author  observes : 

"The  beds  of  graphite  near  St.  John,  some  of  those  in  the  gneis 
at  Ticonderoga  in  New  York,  and  at  Lochaber  and  Bncldngluun 
and  elsewhere  in  Canada  are  so  pure  and  regidar  that  one  might 
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mpare  them  with  the  graphitic  coal  of  Rhode  Island, 
stances,  however,  are  exceptional,  and  the  greater  part  of 
minated  and  vein  graphite  might  rather  be  compared  in  its 
occurrence  to  the  bituminoas  matter  in  bituminous  shales 
stones.  We  may  compare  the  disseminated  graphite  to 
3h  we  find  in  those  districts  of  Canada  in  which  Silurian 
[>nian  bituminous  shales  and  limestones  have  been  meta- 
3d  and  converted  into  graphitic  rocks  not  dissimilar  to 

the  less  altered  portions  of  the  Laurentian.*  In  like 
t  seems  probable  that  the  numerous  reticulating  veins  of 
mav  have  been  formed  by  the  segregation  of  bituminous 
kto  nssures  and  planes  of  least  resistance,  in  the  manner 

such  veins  occur  in  modem  bituminous  limestones  and 
Such  bituminous  veins  occur  in  the  Lower  Carboniferous 
)  and  shale  of  Dorchester  and  Hillsborough,  New  Bruns- 
:h  an  arrangement  very  similar  to  that  of  the  veins  of 
:  and  in  the  Quebec  rocKs  of  Point  Levi,  veins  attaining 
Imess  of  more  than  a  foot  are  filled  with  a  coaly  matter 

transverse  columnar  structure  and  regarded  by  Logan 
at  as  an  altered  bitumen«  These  paleozoic  analogies 
Eld  us  to  infer  that  the  larger  part  of  tne  Laurentian  gra- 
.8  under  the  second  class  of  deposits  above  mentioned, 
>,  if  of  vegetable  origin,  the  organic  matter  must  have 
>roughly  disintegrated  and  bituminized  before  it  was 
into  graphite.  This  would  also  ffive  a  probability  that 
tation  implied  was  aquatic,  or  at  least  that  it  was  accu- 
under  water. 

lunt  has,  however,  observed  an  indication  of  terrestrial 
)n,  or  at  least  subaSrial  decay,  in  the  great  beds  of  Lau- 
ron-ore.  These,  if  formed  in  the  same  manner  as  more 
leposits  of  this  kind,  would  imply  the  reducing  and  sol- 
on  of  substances  produced  in  the  decay  of  mants.     In 

such  great  ore  beds  as  that  of  Hull,  on*  the  Ottawa,  70 
c,  or  that  near  Newborough,  200  feet  thick,f  must  repre- 
rresponding  quantity  of  vegetable  matter  which  has  to- 
ippeared.  It  may  be  added  that  similar  demands  on  veg- 
atter  as  a  deoxymzing  agent  are  made  by  the  beds  and 
metallic  sulphids  of  the  Laurentian,  though  some  of  the 
3  no  doubt  of  later  date  than  the  Laurentian  rocks  them- 

icludes  as  follows : 

oiay  sum  up  these  facts  and  considerations  in  the  following 
ts: — ^First,  that  somewhat  obscure  traces  of  organic  struc- 
be  detected  in  the  Laurentian  graphite;  secondly,  that 
ral  arrangement  and  microscopic  structure  of  the  substance 
ads  with  that  of  the  carbonaceous  and  bituminous  mat- 
larine  formations  of  more  modem  date ;  thirdly,  that  if 
entian  graphite  has  been  derived  from  vegetable  matter, 

jy  Melbourne,  Owrs  Head,  &c.,  '  G^logy  of  Canada,'  1863,  p.  699. 
Iff  of  Canada,  1863. 


1S2  ^.'iV'  r'r.c  Iniill' z-t-iCt, 

i:  bA>  '':■.■  y  ar.  lepjonr  &  !iLc:a=io!T'':i:'^is  airnilar  in  kind  to  that 
ur-.v'r.  orjir.io  I'-iarzrr  in  rirram :rT'hv>r»i  «-iiiiirnt  of  later  asrehat 
«xTvr.«7..>e: :  :"ov.r.  Jilv,  :r.j:  :be  assj-.iitioL.  ;:  :hf  graphitic  matter 
w::\  rjt^:'.:,'  'ini-;^:  -Tie.  S-ls  ::  Lr  :■  -rv,  an-l  metallic  sulphidl 
irrkiT.y  >:rt: .irr.c:!*  :"ic  pr:"?i?il::y  ::  ::*  vejctaMc  origin;  fifthly, 
it  a:  v.r^r.  wc  :-;-siirr  :lr  :rj.:n-r:L?^:  ":  bioknr^*  and  eictent  of  the 
Eor-'vi'.  ir.i  jr.ivii'::.'  lin:sr-"7.T^  in-i  ir:'n->rv  •lei«>sits  of  the 
La  :T\r:-..ir,  ::  wc  i  I:::::  :ij  .rji:Li;  rlj:::  •:•:'  the  lizne^tone  and 
crti-.  :::<.  -ve  n-**:  V^  ::^:.Ar\i  :•  ">:„rvr'  :Li:  the  life  of  that  eazij 
ix-.;-"..  :":."^:.  :*:  ziat  iiv,  -f^sTe:  z=.\tt  l-rw  forma,  was  moit 
vvv: :  >'.y  :.rv-.:-.ei,  A^i  :!*:  ::  e;":iil"--f'i,  r«rrt::ir*  surpassed,  in  ill 
Tv*i>'r^  •.:•-  :>i  Tiv  ::  c----"  •ri-':^.  i-\'tJzils::-Ti,  thai  of  anv  sahee* 

■  *.  *.  ■ 

-Ir  .vv.. -.>v 7.  ::.■.*  s-:;-:*,:  :^.kz.-< --:  Sr^rril  ±ter€>iing fields rf 
c::— .■•-■*-.  v>  .>:..;•".■. a1  a- :  r^v^  r.  -^1  — ■:::irr.  i  »iie  of^the8eT^ 
3:<<  : '  :>i  :-;-r. .-?':: 7>  ?:j::vi.  rj  It  H-lz:  4*  ;o  "ie  probahle  ex- 
:«nV.'.-:  :  A  -i-j^  ir.  .wt:  :  ..Lr>'7_:  i:.".  :::  ihr  Laorentian  at* 
n'-si  •;-..  Av.*.  :  --.i::.  .-ir":*  7.1:-  . :  .izi-r  ir:  *.•>?  seas  of  tint 
T*:"'  ••-  17' :  :>:  ■.•>wc".=  rr  t".  c  ::  7:>  :-  Ti-f  i>-^r.iAnce  of  eer 
:a;7  .  'V  :  r:  -  :  :  j^z:*  i7  .1  «_7.-t:jJ.'*.  Az  rdfT  "j*  ihe  Cf>mpariMa, 
t.^..«  •  ---  '.\:i'\  :■'  rV-T-.ssr  r.-L.^.-:-  izi Tt.  C 3Lr:*rn:«-r. h€nreeB 
:>-.  :•  ■;•■.:  •>  . :'  :>-.  ljfc:i-\  7  :.X7.  Lzi.  "i  rw  ::  :\-r  ^«vz«er  parif  of 
-:-:  •  •-.;r-  x'ti".  At*: ••■.-•  :>*  :in  -..•ss.'.f  :•>: Tjr^rH'.'e  of  other 
?  -^  s  -  i7.  7:.L  ..7;  T-VLT  J"'  <r  ■  ■  ic  I  _v7^»t ^  1*.  TTl-^i.  I  have  rt*- 
:c«",  ■  7.^  ..«.<r  .:  I'^f^.  ir;-  .i-:7>~r  r::_  rrreor^i.:  «mdy  of  the 
l^:."^.  'i  .~.7-i:s:  T^-.^w  :.  >  .:'V.i:-.t^:-l  ":-  'Jl*^  ro^^rrt-ac*  ofeit 
r.*^.-  ^  — ^tI*"  •:  ■  j^  *-  f-".7^  •  >:ti-  -IT;  "-■71  -E  c  •.«,  b":!:  at  piffr 
;-r*  ■•   i^ir-  vr  T.iri'v.     A7-;'::.;'  >  :i-:  :r>r:  : :   7r.ij^  over,  hj 

c-1.-':  •-■•  "'.  r»7  :•:  V  iV.-s-  ::^  >  "TTr-i  -i.f  ^i  7  7^-r  Lr-wer-Ll* 
"^•:  •'  •-.7  .  .:.i*  ■•  :*;  V'^.r.  -I::.  >  inx:z  .-t  v!  Lzi'^ian  (eiiod. 
I:  "^  -•'*.-•.  :  ;•■  to:*  :  si  -i:  _*i:'-:  77':"Lr.»=*'  -^i^  'sp  a  new 
•vi-  ■-  :*M^:-::  ij:»;  .t  .'STLTi"-  'T.  t-i«l  i-  ui  :  i:  ih-e  hope  flC 
'•**.'-^"  -Z  ->  .**"    ' '•:  7'"^'?*:7»:\  J.    *c~i    :  7v,rz.   Ti  rTssiuclifc 

;n  ..*  ;i^'». :.  -Ti;..;^!  '>  **  7:;i  ,••-:.4;-^  :•:  z  •^:7'i  to  T-ave  beai 
T'*.-.;  L^.*  :■.!.:.      I  * -iL-:  ••.^     i.ic  "  .•';  ..:':i:rTx.7.-7  :c  ^anng  thit 

U  7i*  '-«>i7:^  ^*«.  T.«*T:»:  3  -C:  •  ■•  *»  -  "  ?•;  TTVT  *  -SSl  "C  "Ll-f  LA^SCOtitt^ 
SO^i    n    vC^^^     '1^    t.  »*   7J»:    "If.-'  •.   "!•■    TiLZlt:      "L.  Z':i}lS  I     •^Tr  bT   M 

'Xi»f>kt>  T':'^'*.-;  .v;  L'i*,-  •■:  -'>*s  v: —  £  5  fT^a*  :c'  liie  wUA 
Ha-^  '.;  ••.•::  r-.K  i.^.<^  \  \:  -*  :  v  -.  12?  7i.£  LiTZ  of  0^ 
Xisun.  ;■. '^^.T'.v       >v  •;.■■.  ^.■t:;:..t>  .■.    s    .     •■J:'7  .  C"r'i.zjsc2*  V*  fcond 

»*•    n  7J«:   A.""?<:*i:  ::>.-^'       •  ^--. :.  ,>,  ::x  r":s.  L2'i  rryiZxSM 


Oeohgy.  188 

age,  as  be  informed  me  sabseqaently  to  the  publication  of 
iminary  report  on  the  Nova  Scotia  Laurentian.  Specimens 
it  to  Montreal  for  examination,  and  instructions  were  given 
Bunt,  who  also  shared  Dr.  Honeyman's  opinion,  to  the  lap- 

0  prepare  sections  of  the  serpentmous  rock  for  microscopic 
ition.  By  some  mischance  this  was  neglected,  and  uie 
ins  remained  unexamined,  and  indeed  forgotten  until  quite 
r,  as  Dr.  Hunt  informs  me,  under  date  of  Feb.  3,  1870. 
submitted  to  the  microscopic  test  the  JSazoon  Canadenae 
tinctly  seen,  and  Dr.  Dawson  has  confirmed  the  observa- 

ProL  Hind  farther  says  that  the  discovery  of  this  fossil 
js  geologists  to  recognize  the  truth  of  Dr.  Honejrman's  opin- 
though,  by  accident,  these  opinions  were  not  made  known 
rmed  until  after  the  publication  of  my  report."  He  again 
>  "  the  just  though  tardy  recognition  of  the  correctness  of 
aeyman's  views  with  reference  to  the  age  of  the  limestones 
rites  of  Arisaig."    Pages  354,  355. 

Hind  has  been  deceived  in  this  whole  matter,  and  as  he  is 
d  has  been  for  some  months  absent  in  England,  I  feel  called 

1  the  interest  of  truth,  to  state  the  facts  in  the  case.  In 
ing  of  1869,  Dr.  Honeyman,  previously  employed  as  an 
r  by  the  Geological  Survey  of  Canada,  showed  me,  in  Mon- 
senes  of  specimens  collected  by  him  the  autumn  pre\'ious, 
Irisaig  district,  and  including  besides  syenites  and  dioiites, 
ine  limestones,  sometimes  mixed  with  a  pale  green  serpen- 
rhese  were  at  once  noticed  by  Mr.  Murray  of  the  Geologi- 
vey  of  Newfoundland,  who  was  present,  and  myself,  as 
a  close  lithological  resemblance  to  the  Laurentian  rocks, 
mentioned  the  fact  to  Dr.  Honeyman ;  while  I  at  once  sug- 
to  the  lapidary  of  the  Survey,  who  was  in  the  room,  that 
ere  so  like  the  Eozoon-limestones  of  the  Ottawa  that 
d  be  well  to  prepare  slices  for  examination.  Meanwhile 
[leyman  never  made  to  myself,  Sir  William  Logan,  or  Dr. 
I,  any  suggestions  as  to  the  geological  age  or  relations  of 
ks  in  question,  and  in  his  official  report,  handed  to  Sir 
1  some  days  later,  not  only  neglects  to  mention  the  name 
rentian,  but  forgets  to  mate  any  allusion  whatever  to  the 
,  limestones  and  serpentines  in  question.  Farther,  in  sum- 
p  his  report,  he  concludes  that  the  district  examined  by 
mdes  all  the  rocks  between  the  coal-measures  and  the  gold- 
slates,  thus,  by  implication,  excluding  anything  lower  in 

logical  series. 

no  reason  to  believe  that  the  name  of  Laurentian,  first 

by  me  to  these  rocks  from  Arisaig,  in  Dr.  Honeyman's 

e,  conveyed  to  his  mind,  at  the  time,  any  notion  of  geologi- 

,  position,  or  succession,  or  that  he  attached  any  importance 

specimens  in  question,  except  as  ornamental  stones,  until 

•earance  of  Prof.  Hind's  first  notice  called  his  attention  to 

ining  of  the  term,  and  to  the  published  descriptions  of  Lau- 

rocks.    Were  it  otherwise,  his  total  silence  on  the  subject 
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from  the  aatmnn  of  1868  to  some  time  last  winter,  is  simply  inoonh 
prehensible. 

To  Prol  Hind  belongs  the  credit  of  having  declared  that  tbe 
old  granitoid  rocks  of  the  region  are  clearly  stratified  gneiBsn. 
and  at  the  base  of  the  series  in  that  region ;  as  they  are  to 
known  to  be  on  the  north  side  of  the  Bay  of  Fundy,  where  they 
have  been  described  as  Laurentian,  and  examined  by  Dr.  Daw- 
son, ]Vlatthew  and  Bailey.  I  had,  however,  sought  m  vain  fer 
Eozoon  in  the  serpentine-limestones  of  New  Brunswick^  but  on 
the  receipt  of  VroL  Hind's  preliminary  notice,  recalled  the  Arisaig 
specimens,  and  recognized  m  them  a  form  of  Eozoon,  which,  hoir- 
ever,  according  to  Dr.  Dawson,  is  specifically  distinct  firom  .Sbzoon 
Canadense, 

Montreal,  June  7,  1870. 

4.  7%6  Omithosauria :  ati  elementary  study  of  the  bones  (jf 
Pterodactyles  ;  by  H.  G.  Seeley  of  St.  John's  College,  Cambridge: 
with  twelve  plates.  132  pp.  8vo,  1870.  (Deighton,  Bell  &  Oo, 
Cambridge ;  Bell  &  Dalby,  London).  Lulex  to  the  I^bssil  Itemaimi 
of  AveAty  Omithosauria^  and  Reptilia^from  the  Secondary  syttm 
of  strata^  arranged  in  the  Woodwardian  Museum  of  the  Cfnivsr- 
sity  of  Cambridge,  By  H.  G.  Seeley,  of  St.  John's  CoU^ 
Cambridge ;  vrith  a  prefatory  notice  by  the  Rev.  Adam  Sedgwick, 
LL.D.,  F.R.S.,  Woodwardian  Professor  and  Senior  Fellow  of  TCn- 
ity  College. — The  author  of  these  works,  the  assistant  of  Plrat 
Sedgwick  at  Cambridge,  states  in  his  preface  that  they  are  wm> 
tions  of  the  Catalogue  of  the  Woodwardian  Museum.  This  Mu- 
seum, through  the  labors  mainly  of  Prof  Sedgwick,  is  rich  in  re- 
mains of  Reptilians  from  the  lower  Cretaceous,  and  is  unsurpaflsed 
in  those  of  the  Cambridge  upper  Greensand,  which'  has  afforded 
large  numbers  of  bones  of  Onuthosaurs  (Pterosaurs).  In  the  fint 
of  these  works  the  able  author,  Mr.  Seeley,  reviews  briefly  wbat 
had  before  been  done  in  connection  with  the  subject  of  Pterosaon, 
discusses  their  classification  and  relations,  gives  the  details  wiA 
regard  to  the  various  bones  in  the  collections,  and  describes  and 
names  the  several  species  to  which  they  belong.  The  author  finds 
that  the  pneumatic  perforations  in  the  bones  (seen  in  the  lower  jaw, 
the  whole  vertebral  column,  the  bones  of  the  fore  limb,  the  scapnlA 
and  coracoid,  the  femur  and  tibia,  etc.)  are  situated  as  in  hniB, 
and  indicate  a  similar  system  of  air-circulation  from  the  lungfl) 
and  he  argues  that  this  implies  the  existence  of  a  double  heart  as 
in  birds.  He  also  points  out  a  relation  to  birds  in  the  form  of  the 
brain,  this  organ  having  a  very  large  cerebrum,  and,  as  seen  from 
above,  a  very  small  cerebellum  abutting  against  it  and  pressing  to 
either  side  the  optic  lobes  (instead  of  having,  as  in  ordinary  Reptiles, 
the  cerebellum  behind  separated  from  the  cerebrum  by  the  part 
called  the  optic  lobes).  Hence  he  concludes  that  the  Omithosaais 
were  hot-blooded,  and  makes  of  them  a  class  of  Vertebrates  dis- 
tinct from  both  Reptiles  and  Birds.  The  subject  is  illustrated 
by  twelve  plates. 
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.  JFirst  Annual  Rqxyrt  of  the  QeologiccU  Survey  qflndiana^ 
ie  during  the  year  1869 ;  by  E.  T.  Cox,  State  Geologist,  assisted 
Pro£  Fbaitk  H.  Bbadlbt,  Dr.  Rupus  Hammond,  and  Dr.  Q. 
liXVXTTE.  240  pp.  8 TO.  Indianapolis,  1870. — This  first  annual 
K>rt  of  the  Gleoloncal  Survey  of  Indiana,  under  Proi  Cox, 
sists  of  a  Greneral  Keport  by  the  head  of  the  survey,  and  spe- 
L  Reports  by  Prof  Bradley  on  Vermillion  Co.,  and  Dr.  Hammond 
Franklin  do.  Prof  Cox  has  begun  a  good  work  with  reference 
;he  coal  formation,  and  has  already  proved  that  the  number  of 
1  beds,  and  the  subdivisions  of  the  formation,  as  laid  down  by 
'en  and  others  in  Indiana  and  Kentucky,  are  wholly  erroneous. 
one  example  he  shows  that  the  "  Mahoning  Sandstone  "  and  the 
jivil  Rock  Sandstone ''  are  actually  the  same  rock.  Prof  Cox 
tea  that  he  is  not  yet  prepared  to  present  his  own  conclusions, 
I  he  shall  make  it  a  special  object,  in  the  course  of  the  Survey, 
ascertain  the  precise  facts  on  this  important  subject.  Much 
.uable  information  is  presented  by  him  respecting  the  coal  form- 
on  and  other  rocks  and  products  of  Clay  county.  Prof  Bradley 
ioribes  with  considerable  detail  the  Carboniferous  rocks  of  Ver- 
Uion  county,  mentioning  many  of  their  fossils,  and  giving  some 
Kmnt  of  the  beds  of  iron  ore  and  fire  clav  which  they  contain, 
t  says  that  in  this  county  the  '^  boulder  clay  "  has  a  depth  near 
rrysville  of  about  100  feet  before  reaching  the  underlying  quick- 
id;  and  that  in  some  places  it  is  125  feet  thick.  It  contains 
alders  of  limestone  and  of  metamorphic  rocks,  which  are  some- 
!ies  striated,  besides  occasional  rolled  masses  of  galena  and  nar 
e  copper.  There  is  much  in  the  volimie  we  might  quote,  with 
erest  to  our  readers,  if  space  allowed.  The  report  closes  with 
bt  of  the  Mammals  and  Birds  of  Franklin  Co.  It  is  illustrated 
three  maps,  and  a  largeplate  of  sections. 
5.  JItfeek  an  Crinoids. — The  views  of  IVIr.  Meek  on  the  anatomy  of 
the  Paleozoic  Crinoids,  presented  in  a  paper  reprinted  from  the 
oceedings  of  the  Academy  of  Nat.  Sciences  of  Philadelphia,  in  voL 
riii  of  this  Journal  (at  p.  23),  are  fully  endorsed  in  a  letter  written 
Prof  Sars  of  Norway,  the  profound  investigator  of  species  of 
jent  Crinoids,  a  few  days  only  before  his  death.  Prof  Sars  ob- 
Tes,  judging  from  the  photographs  of  the  specimens  which  had 
fcched  him,  tnat  Mr.  Meek's  conclusions  seem  to  him  to  be  per- 
itly  founded,  and  to  result  with  logical  necessity  from  the  inves- 
:ation8 ; "  and  that  ^'  they  spread  unexpected  light  upon  these 
nous  extinct  Crinoids."  Letters  from  Prof  Wyvflle  Thomson,  of 
Ifast,  and  Dr.  Ltltken,  of  Copenhagen,  also  approve  entirely  of 
conclusions. 

r.  77ie  lifted  and  subsided  Rocks  of  America^  with  their  ir^fiur 
ies  on  the  oceanic^  atmospheric^  and  land  currents  and  the  dis- 
button  of  Races;  by  Geo.  Catlin.  228  pp.,  l2mo.  London, 
ro.  (Trtlbner  &  Co.) — ^The  writer  of  this  work,  well  known  for 
travels  among  the  American  Indians,  here  treats  of  mountain 
linage,  upheavals,  metamorphism,  making  of  mountain  chains, 
king  of  mountains,  and  of  the  Indian  races  of  America.     He 
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presents  bis  geological  views  and  criticisms  with  ereat  positiyeneB, 
which  is  consistent  with  the  fact  of  his  limited  Knowledge  of  the 
subject. 

8.  Geological  Survey  of  Iowa, — ^The  State  of  Iowa  has  ordered 
the  printing  of  three  thousand  copies  of  the  Report  of  the  Greology 
of  the  State  by  Pro£  White.  The  work  will  consist  of  two  ropu 
octavo  volumes,  in  the  style  of  Hall's  Geology  of  Iowa  and  of  the 
niinois  Geological  Report,  and  will  be  well  illustrated.  We  regiet 
to  have  to  add  that  the  Legislature  has  discontinued  the  Survey. 

III.   ZOOLOGY. 

1.  Die  his  jetzt  beJcannten  SchildkrOten^  u.  d,  bei  Kelheim  u. 
Hannover  neu  aufgefunden  altesten  Arten  chrselben  /  von  Dr. 
G.  A.  Maack.  Cambridge,  Mass.  (Cassel,  1869, — ^from  H.  von 
Meyer's  Palseontographica). — ^This  useful  work,  a  4to  of  146  pjK, 
is  contributed  bv  Dr.  Maack,  whose  arrival  in  the  United  States 
and  occupation  m  the  Museum  of  Comparative  Zoology,  we  take 
pleasure  in  noticing.  It  embraces  a  synopsis  of  the  species  of 
extinct  Testudinata,  arranged  in  the  order  of  geological  successioii, 
rather  than  accordmg  to  structural  affinity.  The  number  thus 
enumerated  is  1 92,  of  which  26  are  assigned  to  the  Testudinids, 
114  to  the  Emydida3,  including  the  Pleurodira;  27  to  the  Triony- 
chidsB,  and  25  to  the  Cheloniida3.  The  species  are  not  nearly  all 
described,  but  their  enumeration  forms  an  invaluable  hand-book  to 
the  student  of  the  subject.  The  stratigraphical  table  given,  adds 
to  its  value.  From  it  we  perceive  that  "the  Tertiaries  embrace  the 
majority  of  the  species,  and  the  Cretaceous  and  Jurassic  perioda 
successively  fewer.  The  upper  Jurassic  of  Switzerland,  Bavaiia 
and  Hanover  have  furnished  the  oldest  known  Testidinata,  unless 
the  Chelytherium  of  the  Wtlrtembergian  Trias  belong  to  the  order, 
a  point  still  doubtful.  The  number  of  Jurassic  species  known  waa 
15,  to  which  Dr.  Maack  adds  8,  based  on  remains  mostly  from 
Hanover,  from  a  stratum  of  prior  deposit  to  those  of  Switzerland 
and  Bavaria. 

Before  noticing  the  types  of  Cretaceous  and  Jurassic  Tortoiaea, 
it  must  lie  observed  that  the  system  of  Strach  which  Dr.  Maack 
adopts,  is  a  very  defective  one,  and  far  behind  the  requirements  of 
modern  zoology  and  paleontology.  The  structural  features  defin- 
ing the  suborders  and  families  are  overlooked  in  this.  For  ex- 
ample, one  of  the  primary  divisions  of  the  order,  the  Pleurodira, 
is  included  among  the  Emydidae,  whereas  it  embraces  a  series 
of  families  distinguished  by  features  quite  similar  to  those  defin- 
ing tlie  remaining  families  from  each  other.*  In  consequence 
several  conclusions  are  reached  which  require  modification.  The 
genus  Platemf/s  as  adopted  may  be  cited.  It  embraces  9  species 
according  to  the  present  work,  the  genus  Pleurostemum  of  Owen 
being  referred  to  it.  This  is  done  because  the  additional  pair  of 
thoracic  bones  which  characterizes  it  is  found  in  a  rudimental 

♦  See  Proa  Acad.  Nat  Sci..  1868,  p.  282. 
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ondition  in  FUxtemya  Bowerbankii^  and  Platemya  BvUockii  of 
)wen  presents  the  intermarginal  scuta  of  Pleuroatemutn,  and 
lecause  of  the  general  resemblance  in  specific  character  between 
iie  latter  and  the  PI  concimmm.  To  us,  however,  the  genus 
Pleurostemum  appears  to  be  Cryptodire  not  Pleurodire,  as  it  lacks 
ihe  integular  scutum  of  the  latter  suborder,  aud  to  represent  a 
oeculiar  family  of  that  group  characterized  by  the  possession  of 
^n  instead  of  eight  sternal  bones.  Platemya  JauUockiiy  P,  Bower- 
bankii  and  Emya  kevis  Ow.  and  Bell  appear  on  the  other  hand 
X)  be  Pleurodira,  and  to  be  referable  to  two  families  of  that  sub- 
order. The  PL  BtiUockiiy  on  account  of  its  five  pairs  of  sternal 
t>one8,  to  the  Stemothseridae,  and  on  account  of  its  intermarginal 
Ksuta,  to  a  new  genus  which  I  have  called  Digerrhum.  The  last 
!rwo,  in  their  rudimental  fifth  pair  of  stemals  resemble  many 
Pleurodira,  and  cannot  be  distinguished  from  the  genus  Podoo- 
fiemis  now  living  in  the  Amazon.  The  P,  sulcatus  Leidy  is 
aear  to  Podocnemis  also,  but  represents  a  distinct  genus,  character- 
ifltic  of  the  Cretaceous,  which  I  call  Taphrosphya;  there  are  six 
ipecies  in  North  America.  After  these  deductions  the  only  Pla- 
bemydes  that  remain  are  P,  ManteUii  and  P.  Dixonii  of  Owen. 

Tlie  new  forms  desciibed  by  Maack  are  of  much  interest.  His 
Chdonidea  Wittei  is  one  of  the  group  found  in  both  Jurassic  and 
Cretaceous  strata  in  Europe  and  North  America,  which  combines 
Chelydroid  BJid  C/t«/cmtoic?  characters  so  as  to  render  it  difiiicult 
to  be  assured  as  to  which  group  they  truly  represent.  The  charac- 
ters of  the  carapace  in  most,  and  of  the  plastron  in  many,  are 
those  of  the  latter,  while  those  of  the  limos,  the  crucial  test  in 
this  case,  are  those  of  the  former.  Two  of  the  North  American 
genera  add  one  or  two  costal  bones,  a  character  of  importance  and 
one  not  hitherto  met  with  in  the  order ;  these  may  be  regarded  as 
the  type  of  a  peculiar  family  with  the  name  of  the  Propleuridce^ 
[ncludmg  the  genera  Oateopygia  and  Propleura,  The  family  with 
^ht  costals  mcludes  Chdonidea  Maack,  which  seems  to  be  near 
Vhelojiemya  Jourd ,  as  he  has  placed  it, — with  Platychelys,  Hydro- 
peUOj  Jdioc/ielya  and  some  other  European  forms  which,  with  Cata- 
pleura  and  Jjytolorna  from  North  America,  arc  nearer  CJidydra^ 
and  I  cannot  at  present  find  characters  which  distinguish  them  as 
a  family  from  the  existing  forms.  In  Stylemya  Maack,  the  second 
new  genus  introduced  into  the  present  work,  the  sternum  is  with- 
out K^ntanelles,  and  resembles  entirely  that  of  Adocua  from  the 
American  Cretaceous,  while  the  carapace  and  femur  are  of  the 
type  of  Oateopygia,  Until  farther  investigated  it  should  remain 
as  an  JEmydoid^  as  placed  by  Dr.  Maack.  Two  species  are  de- 
scribed, 8,  lAndenenaia  and  A  Hannoveranua,  The  use  of  the  name 
Stylemya  is  2kfauxpaa^  since  it  must  probably  be  used  for  a  genus 
of  EmydidoB  described  by  Leidy  from  the  Miocene  and  Pliocene  of 
Nebraska  and  Dakota.  True,  it  was  originally  established  on 
ontenable  character,  and  reunited  by  its  proposer  with  Testudo, 
But  I  have  been  able  to  point  out  (Trans.  Amer.  PhiL  Soc.,  1869, 
128)  that  the  species  so  originally  named  are  really  JSmydidoe 
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haviug  Testadinine  characters,  and  requiring  a  distinct  seneric 
name,  for  which  Stylemys  should  perhaps  be  adopted.  Dr.  jiaack 
will  therefore  be  necessitated  to  find  another  for  that  which  he  de- 
scribes. 

This  and  other  rectifications  relating  to  North  American  species 
not  having  been  published  prior  to  Dr.  Maack's  work,  he  wm 
unable  to  take  advantage  of  them.  I  therefore  append  the  fol- 
lowing list  as  supplementary  to  it. 

POSTPLIOCENE  SPECIEa 

EmydidcB. 
Cistudo  eurypygia  Cope.  Emya petrolei  Leidy. 

Pi;iOCENE  AND   MiOOENE  SPECIE& 

EmydidoB, 
Stylemys  Nebra8ce)i8i8  Leidy.        S.  Niohrarensis  Leidy. 

Trionychidce, 
Trionyx  lima  Cope.  T,  Buiei  Cope. 

Cheloniidce. 
Puppigeru8  grandcevus  Leidy. 

Eocene  Species. 
TrionychidoB. 
f  Trionyx  pennatus  Copa 

?  Cheloniidce, 
Lembonax  polemicua  Cope.         Ihippigerua  parviscutatus  Cope. 

Cretaoeous  Species. 
EmydidcB, 

Emys  turgidus  Cope.  Adociis  agilis  Cope. 

JS,  petro»u8  Cope.  A.  pravus  Leidy. 

^.3'?r/m^  Leidy.  A.  Vyomvigensis  Jjeidy. 

M  Stevensoni  Leidy.  A.  pectoralls  Cope.  (Pleuroster- 
Adocus  heatus  Leidy.  num  olim.) 

Chelydridce. 

Lytoloma  Jeanesii  Cope.  Vatapleura  repanda  Cope. 

X.  angusta  Cope.  I^entreslus  ornaius  Leidy. 

Propleuridce, 

Miclristes  2^l€Uyop8  Cope.  Osteopygis  platylomtia  Cope. 

Propleura  sopita  Leidy.  0,  chelydri7iu8  Cope. 

Osteopygis  ej7iarginatus  Copa 

Trionychidce, 

Trionyx  halophilus  Cope.  Trionyx  guttatus  Leidy. 

T.  priscus  Leidy. 

Podocnem  id  idee, 

Bothremys  Cookii  Leidy.  Taphrosphys  Leslianns  Cope. 

Taphrosphys  tnolops  Cope.  T,  strenuus  Cope. 

T  sitlcatus  Leidy.  T  nodosus  Cope. 
T  longimtchus  Cope. 
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Thirty-eight  species.  PuppigeruB  embraces  all  of  the  Chelones 
[escribed  by  Owen  and  Bell  from  Sheppey.  To  Jjytoloma  perhaps 
belong  the  two  Chelones  described  and  figured  by  Faujds  and 
ZJuvier  from  the  Cretaceous  of  Maestricht  named  Ch.  cretacea  by 
Seferstein  and  Ch.  Faujaaii  by  Maack.  e.  d.  a 

2.  On  Dlacosaurus  and  its  allies j  by  Dr.  J.  Leidy.  (Proc.  Acad. 
NTat.  ScL  PhilaA,  1870,  p.  18).— On  the  6th  of  April,  Dr.  Leidy 
nade  remarks  on  Discosaurus  and  its  allies,  additional  to  those 
published  at  p.  392  of  the  last  volume  of  this  Journal;  and  in  the 
iourse  of  it  discusses  the  relations  of  Cimoliaaaurua^  as  originally 
^ablished,  to  Discosaurus,     On  this  point  he  observes : 

"  In  the  first  place,  by  comparison  with  the  skeleton  of  the  Kansas 
ianrian,  we  observe  that  the  position  in  the  column  assigned  to 
;he  vertebral  bodies  of  CimoUasaurus  was  incorrect,  and  this 
probably  contributed  to  mislead  Prof  Cope  in  his  examination  of 
^e  skeleton  of  the  Kansas  saurian. 

"  The  vertebral  specimens  refefred  to  CimoUasaurus  consisted  of 
iwo  sets  of  specimens,  from  two  different  individuals,  both  from 
he  greensand  of  Burlington  Co.,  N.  J.  They  are  described  in 
Cretaceous  Reptiles,'  page  25,  and  characteristic  ones  presented 
n  plates  v  and  vi 

**  The  eleven  vertebrae  considered  as  lumbar,  and  represented  by 
igs.  17-19,  pL  V,  and  16-18,  pL  vi,  are  evidently  cervicals.  Those 
considered  as  dorsals  on  page  26,  and  represented  in  figs.  I3-I69 
}L  V,  are  at  least  in  part  posterior  cervicals.  Of  the  fourteen  ver- 
«bne  referred  to  on  page  27  as  dorsals  and  lumbars,  those  de- 
icribed  and  representea  in  figs.  1-6,  pL  vi,  are  alone  dorsals,  while 
he  others  described  and  represented  in  figs.  6-9  are  posterior,  and 
hose  of  figs.  10-18  more  anterior  cervicals. 

**  The  cervicals  of  Cimoliasaurus  are  so  different  in  their  propor- 
ions  frx)m  those  of  the  Kansas  saurian  that  there  can  be  no  que&- 
ion  as  to  the  distinction  of  the  two  animals,  at  least  as  species. 

**  Do  all  the  remains  originally  referred  to  Discosaurus  oelong  to 
his  genus  as  distinct  from  CimoUasaurus  t  I  suspect  that  those 
rom  New  Jersey  belong  to  the  latter.  The  animals  indicated  by 
II  the  fossils  which  have  been  under  consideration  are  Plesiosau- 
oid,  and,  as  in  recognized  species  of  Plesiosayrus^  there  is  much 
ariability  in  the  number,  proportions,  and  other  characters  of  the 
ervicals  without  a  correspondmg  extent  of  variation  in  other  parts 
»f  the  vertebral  column,  we  would  be  prepared  to  find  in  CimoUch 
aurus  nearly  the  same  kind  of  caudals  as  in  Discosaurus. 

"  Prol  Cope,  in  his  *  Synopsis  of  the  Extinct  Batrachia  and  Rep- 
ilia,'  pt.  i,  1869,  p.  56,  describes  two  vertebral  specimens  from 
he  lower  bed  of  the  Cretaceous  green  sand  of  Gloucester  and  Mon- 
aouth  counties,  which  he  attributes  to  a  species  with  the  name  of 
^lasmosaurus  orienUilis.  The  specimens  described  as  caudals  are 
een,  by  comparison  with  the  Kansas  skeleton,  to  be  cervicals." 

The  species  referred  to  in  this  paper — all  Cretaceous — are  finally 
s  follows :  1.  Discosaurus  vetustus  Leidy  (Cimoliasaurus  magnus, 
nd  C.  vetustus,  of  Cope)y  from  Alabama.     2.  Disc,  grandis  (Bri- 
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moBanrus  grandis  Leidy,  Cim.  grandis  Cope)y  from.  ArkaDsas. 
3.  Disc.  carincUua  (Elasm.  platyurus,  and  Disc,  carinatus  of  Cope) 
from  Kansas.  4.  Disc  magntis  (CinL  magnus  Leidy^  Disc.  vetuB- 
tus  in  part  ?  Leidy\  from  New  Jersey.  6.  Disc,  plantar  (Disc 
veiustos  in  part,  Leidy)^  from  Mississippi  6.  Disc.  primtaUi 
(ElasnL  orientalis  Cape)y  from  New  Jersey. 

3.  On  Elasmosamiis  pUUyurus  Cope;  hj  Prof  E.  D.  Gopb. 
(Communicated  by  the  author). — I  observe,  m  the  last  number  of 
this  Journal,  that  Prof  J.  Leidy  criticizes  my  determination  of 
the  structural  characters  and  generic  relationships  of  the  above 
reptile,  stating  that  I  have  reversed  the  direction  of  the  vertebnl 
column,  describing  the  cervical  as  the  caudal  series  and  vice  versa, 
and  that  it  is  the  same  as  his  previously  described  genus  Dtscosaur 
rus.     On  these  points  I  would  make  the  following  observationflL 

JPirsty  as  to  the  direction  of  the  vertebral  column,  I  have  little 
doubt  that  Prof.  Leidy  is  correct  in  his  determination,  especiallj 
since  I  have  already  pointed  out,  that,  assuming  the  direction! 
gave  it  to  be  true,  the  vertebral  articulations,  and  the  Bcapular 
and  pelvic  arches,  appeared  to  be  the  reverse  of  those  of  PlesiO' 
saurus.  Prof  Leioy  does  not,  however,  allude  to  the  principal 
cause  of  this  error,  which  was  the  similar  reversal  of  the  verte» 
bral  column  in  his  descriptions  of  his  genus  CimoliasauriiSy  first 
published  in  1851,  and  re-published  with  2  plates  in  1864.  Having 
my  mind  pre-occupied  with  this  determination  and  not  suspectmg 
the  error,  I  arranged  JEJlasmosaurus  in  accordance  with  it.  The 
great  size  of  the  clavicle,  and  lack  of  special  characters  of  the 
scapular  arch,  as  mesostemal,  etc.,  and  consequent  close  resem- 
blance to  many  reptilian  fishes,  rendered  the  error  more  easy,  while 
the  coincident  discovery  of  several  reptilian  forms  with  zygo- 
sphene  articulation,  attracted  my  atention  to  that  character. 

It  might  be  added  that  the  description  and  restoration  are  cop* 
rect  in  the  "  Synopsis  Extinct  Batr.  Keptilia,  etc..  North  America," 
the  error  having  appeared  in  a  few  extra  copies  only.  Also  that 
the  accounts  already  given  will  require  scarcely  any  modification, 
the  caudal  region  like  the  cervical  being  very  long,  and  less  de- 
pressed than  m  Cimoliasaurus^  etc. 

Second^  from  the  identification  of  Elasmosaurus  with  Disco- 
saurus^  I  entirely  dissent.  Dr.  Leidy,  having  assumed  the  cervicala 
of  Cimoliasawrus  to  be  lumbars,  and  stating  it  as  "  probable  that 
part  of  the  series  described  as  lumbars  may  be  regarded  as  repre- 
senting  sacrals  and  caudals,*'*  referred  tne  true  caudals  of  the 
same  genus,  to  another  supposed  genus,  under  the  name  of  Disco- 
saurus.  Anterior  caudals  of  Cimoliasawrus  magnus  he  regarded 
as  cervicals  of  the  new  genus.  But,  entertaining  a  suspicion  that 
the  two  genera  might  be  one,  he  says  that  in  this  case,  they  "  repre- 
sent cervicals,  dorsals  and  lumbars  of  Discosaurus^^'*  (L  e.  CimoHO' 
sauruSy  the  name  earliest  given).  Having  shown  the  identity  of 
the  two  forms  in  accordance  with  the  structure  of  £JlasmosauruSy  I 
failed  to  reverse  the  arrangement  adopted  by  Prof  Leidy.     Had  I 

*  Cretaceous  Reptiles,  N.  America,  29. 
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4<me  BO,  Cimoliasayrus  and  Discosaurus  would  ha  v^e  become  syno- 
ayms  of  Piesiosaunut^  since  no  characters  are  known  by  wnich 
to  distinguish  them.  As  it  is,  I  preserve  the  lirst,  on  the  supposi- 
tion that  its  scapular  arch,  will  be  found  to  present  the  peculiari- 
dee  belonging  to  JStasmoaauma, 

There  are,  however,  several  species  included  in  Leidy's  last  de- 
scription of  IHscomvTUB  vetustuSy  as  he  suggests,  but  believing  that 
••the  material  was  not  sufficient  to  justify  a  separation,"  he  allowed 
them  to  remain  together.  A  portion  of  tnis  material  from  New  Jer- 
sey belongs  undoubtedly  to  Gimoliaaaurua  magnua^  and  the  other 
specimens  (two  vertebrse),  which  present  a  few  peculiarities,  are 
recorded  in  my  Synopsis  Extinct  Batrachia,  Reptilia,  etc.,  as  Cimo- 
Wuaurus  veCusttta,  I  presume  that  it  is  on  these  two  vertebrse 
that  Leidy  bases  his  reference  of  Elaamosaurus  to  Discosaurua. 
If  the  evidence  furnished  by  these  was  "  insufficient  to  justify  their 
separation"  from  C,  magnua^  it  is*  certainly  insufficient  to  justify 
their  reference  to  another  genus.  The  proximal  caudals  of  Elcia- 
maaaurua  and  Cimoliaaaurua  are  identical,  but  the  median  and 
distal  caudals  of  the  two  are  quite  distinct.  In  E.  platywrua  they 
present  a  deep  median  groove  beneath  and  a  rib-like  elevation  on 
each  side.  Is  o  such  vertebrffl  have  been  described  as  referable  to 
CimoKaaatineay  and  there  is  no  evidence  to  prove  that  the  slightly 
annulate  caudals  among  those  refeiTed  to  C,  vetuattia  by  Frof. 
Leidy  did  not  belong  to  the  medial  caudal  region  of  a  Cimoliaaaur 
r%»$.*  In  a  little  notice  furnished  to  LeConte's  report  on  the 
Qeology  of  the  Union  Pacific  R.  R.,  southern  division,  written 
almost  as  soon  as  I  received  the  fossil,  I  temporarily  referred  the 
caudals  to  Dlacoaaurua^  not  being  generally  willing  to  establish  a 
new  genus  on  caudal  vetebrsB  or  other  distal  portions. 

In  conclusion,  it  may  be  summarily  stated  that:  1,  Diacoaaurua 
was  erroneously  constituted ;  2,  that  characters  separating  it  from 
JPfestoaaurua  were  not  adduced ;  3,  that  it  was  not  distinguished 
from  Cimoliaaaurua;  4,  that  Diacoaaurua  vettistua  embraces  at  least 
two  species,  one  of  which  is  Cimoliaaaurua  magnua  ;  and,  6,  the 
other  cannot  be  proven  to  be  an  Elaamoaaurua^  but  scarcely  differs 
from  correspondmg  parts  of  Cimoliaaaurus  magnua. 

4.  A  new  apectea  of  Tapir^  from  Guatemala ;  by  Prof  Theo- 
DOBB  OiLL.  (Extract  from  a  letter  to  one  of  the  Editors). — The 
Smithsonian  Institution  has  now  the  skulls  of  four  adults  and  one 
young  of  the  Tapir  of  Guatemala,  and  strange  as  it  may  appear, 
tiliey  seem  conclusively  to  prove  that  the  Tapir  of  that  region  is  a 
dirorent  species  from  that  of  Panama,  belonging,  however,  to  the 
same  genus — ElaamogncUhua.  The  most  obvious  differences  are 
in  the  development  of  the  nasal  and  frontal  bones,  but  those  are 
confirmed  by  the  differences  in  the  dentition,  especially  in  the 
form  of  the  first  premolar  of  each  jaw.  The  nasal  bones  of  the 
young,  compared  with  those  of  the  corresponding  age  of  J5  Bairdii, 

*  It  can  hariily  bo  doubted  tlmt  the  medUn  and  distal  caudaU  of  GimoliasHurus 
are  angulate  beueath,  to  produce  terrninal  planes  for  Uie  chevronB,  in  acor)rdanoe 
with  the  Btroctore  of  Plesiosaurus. 
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are  wider,  especially  in  front  of  the  ^  pits,"  and  exhibit  baaltf 
processes  recurrent  forward  along  the  frontal  bones,  like  those 
of  Tapirus,  but  less  developed,  and  the  grooves  for  the  nasal  ca^ 
tilages  are  deeper.  As  the  animal  advances  in  age,  however,  the 
frontals  would  appear  to  grow  fon^'ard  and  force  apart  the  nMt 
sals,  which  apparently  do  not  increase,  or  even  diminish  in  ujoe, 
and  sooner  or  later  are  fused  with  the  frontals !  This  strange  oat- 
growth  of  the  frontal  bones  has  been  veriiied  on  four  adults,  and 
consequently  the  natural  suggestion,  that  it  was  a  monstrous  indi- 
^ddual  feature,  is  rendered  improbable.  The  first  premolars  of 
the  Guatemalan  form,  in  comparison  with  those  of  JEi  BairdUj  are 
in  the  upper  jaw  much  narrower  and  diWded  into  halves, 
the  anterior  of  which  is  compressed  and  of  almost  uniform  width, 
while  the  inner  face  of  the  posterior  half  bulges  abruptly  inward; 
in  the  lower  jaw,  they  are  also  narrower,  and  the  anterior  cusp  is 
separated  by  a  vertical  groove  on  the  inner  face  of  the  tooth. 
All  the  specimens  were  obtained  by  Capt.  John  M.  Dow,  who 
^  was  told  by  the  party  who  gave  [him]  the  skulls  that  the  young 
are  not  marked  on  the  body  with  longitudinal  light  colored  stripes, 
like  £,  Bairdii^'*  and  he  believes  that  ^'  this  want  of  marking  is 
eWdently  constant  in  the  young  of  the  species  found  in  Guatema- 
la." This,  if  confirmed  by  Capt  Dow  himself  frt)m  autopsy, 
would  furnish  a  remarkable  exception  in  the  family ;  but  without 
attaching  undue  importance  to  the  statement,  the  differences 
already  enumerated  seem  sufiicient  to  establish  its  specific  rank, 
and  I  shall  describe  it  at  length  under  the  name  JSlasmognathM 
Dowii.  I  may  add  that  Prof  Baird  from  the  first  has  insisted  on 
its  distinctness. 

5.  Contributiohs  to  the  Theory  of  Xatural  Selection  :  A  Seria 
of  Essay b;  by  Alfbed  Russell  \Yallace,  author  of  the  Malay 
Archipelago,  etc.  384  pp.  8vo.  London,  1870.  (Macmillan  &  Go). 
— Mr.  Wallace,  the  author  of  this  work,  has  the  credit  of  beinff 
an  independent  originator  of  the  doctrine  of  "  Natural  SelectionJ' 
His  first  memoir,  published  in  1855,  led  to  the  publication  by  Da^ 
win  of  his  first  work  (in  1859)  on  the  Origin  ot  Species,  as  Darwin 
states  in  his  preface.  Darwin's  views  had  been  partly  in  manih 
script  for  more  than  ten  years,  and  had  been  made  known  to  Lyell 
in  1 844.  Wallace's  work  will  be  read  with  interest  b v  all  who 
would  acquaint  themselves  \^ath  the  arguments  and  &cts  upon 
which  the  hypothesis  of  Natural  Selection  rests,  and  also  for  its 
original  and  curious  observations  on  the  geographical  distribution 
and  habits  of  some  animals.  The  author  difiers  widely  on  some 
points  frt)m  Darwin  and  Huxley.  He  has  a  chapter,  eyincing  pro- 
found and  earnest  thought,  on  the  Limits  of  Natural  Selection  as 
applied  to  Man,  in  which  he  shows  that  Man  could  not  have  been 
made  through  Natural  Selection,  appealing  for  proof  to  the  size  of 
his  brain ;  his  naked  and  soft  skin ;  his  feet  and  hands ;  man's  mental 
faculties,  and  his  moral  sense.  He  speaks  of  man  as  an  ever-ad- 
vancing, spiritual  being,  the  ultimate  aim  of  all  organized  exist- 
ence ;  of  his  will,  as  not  a  product  of  nature's  chemistry,  bat  above 
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;tiTe ;  and  he  says  that  the  uiference  which  he  draws  from  the 
t8  reviewed  is  tnat ''  a  superior  intelligence  has  guided  the  de- 
lopment  of  man  in  a  definite  direction,  and  for  a  special  purpose, 
\t  as  man  guides  the  development  of  many  animal  and  vegetable 
ms."    He  also  argues  that  "  all  force  is  probably  will-force ;  *' 
d  thus,  tha^  '^  the  whole  universe  is  not  merely  dependent  on, 
t  actually  i«,  the  wnx  of  higher  intelligences,  or  of  one  Supreme 
teUigence.''    We  cite  a  few  paragraphs  from  the  part  of  his  argu- 
!nt  based  on  a  comparison  of  the  brams  of  Man  and  the  Man-apes. 
^*  The  collections  of  Dr.  J.  B.  Davis  and  Dr.  Morton  give  the 
lowing  as  the  average  internal  capacity  of  the  craniimi  in  the 
ief  races : — ^Teutonic  family,  94  cubic  inches ;   Esquimaux,  91 
bic  inches;    NeCToes,  85  cubic  inches;    Australians  and  Tas- 
inians,  82  cubic  mches;  Bushmen,  77  cubic  inches.     These  last 
mbers,  however,  are  deduced  from  comparatively  few    speci- 
ms,  and  may  be  below  the  average,  just  as  a  small  number  of 
ons  and  Cossacks  give  98  cubic  inches,  or  considerably  more 
in  that  of  the  German  races.    It  is  evident,  therefore,  that  the 
solute  bulk  of  the  brain  is  not  necessarily  much  less  in  savage 
Em  in  civilized  man,  for  Esquimaux  skulls  are  known  with  a 
pacity  of  113  inches,  or  hardly  less  than  the  largest  among 
iropeans.*    But  what  is  still  more  extraordinary,  the  few  re- 
lins  yet  known  of  pre-historic  man  do  not  indicate  any  material 
odinntion  in  the  size  of  the  brain  case.    A  Swiss  skull  of  the 
me  age,  found  in  the  lake  dwelling  of  Meilen,  corresponded 
actly  to  that  of  a  Swiss  youth  of  the  present  day.    The  cele- 
ated  Neanderthal  skull  had  a  larger  circumference  than  the 
erage,  and  its  capacity,  indicating  actual  mass  of  brain,  is 
timatc^  to  have  been  not  less  than  75  cubic  inches,  or  nearly  the 
eraee  of  existing  Australian  crania.    The  Engis  skull,  perhaps 
e  oldest  known,  and  which,  according  to  Sir  John  LubbocK, 
^ere  seems  no  doubt  was  really  contemporary  with  the  mam- 
oth  and  the  cave  bear,"  is  yet  according  to  f'rofessor  Huxley, 
%  fair  average  skull,  which  might  have  belonged  to  a  philosopher, 
'  might  have  contained  the  thoughtless  brains  of  a  savage."    Of 
e  cave  men  of  Les  Eyzies,  who  were  undoubtedly  contemporary 
ith  the  reindeer  in  the  South  of  France,  Professor  Paul  Broca 
ys  ^in  a  paper  read  before  the  Congress  of  Pre-historic  Archaeo- 
gy  m  1868) — "  The  great  capacity  of  the  brain,  the  development 
'  the  frontal  region,  the  fine  elliptical  form  of  Ihe  anterior  part  ot 
le  profile  of  the  skull,  are  incontestible  characteristics  ol  supe- 
ority,  such  as  we  are  accustomed  to  meet  with  in  civilized  races." 

♦  *  We  cannot  fEiil  to  be  struck  with  the  apparant  anomaly, 
lat  many  of  the  lowest  savages  should  have  as  much  brains  as 
rerage  Europeans.  The  idea  is  suggested  of  a  surplusage  of 
>wer ;  of  an  instrument  beyond  the  need  of  its  possessor.  In 
"der  to  discover  if  there  is  any  foundation  for  this  notion,  let  us 
impare  the  brain  of  man  with  that  of  animals.    The  adult  male 

*  While  the  largest  Teutonic  skull  in  Dr.  Dayis's  collection  is  112*4  cubic  ioche<>, 
ere  is  an  Araucanian  of  115*5,  an  Esquimaux  of  113*1,  a  Marquesan  of  110*6,  a 
9gro  of  105'8,  and  even  an  Australian  of  104*5  cubic  inohea 
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Orang-utan  is  quite  as  bulky  as  a  small  sized  man,  while  the  GbriDs 
is  considerably  above  the  average  size  of  man,  as  estimated  br 
bulk  and  weight ;  yet  the  former  has  a  brain  of  only  28  cubic 
inches,  the  latter,  one  of  30,  or,  in  the  largest  specimen  yet  known, 
of  34-J^  cubic  inches.     *     *     * 

"  We  see,  then,  that  whether  we  compare  the  sarage  with  the 
higher  developments  of  man,  or  with  the  brutes  around  b™^  yrt 
arc  alike  driven  to  the  conclusion  that  in  his  large  and  well-devel- 
oped brain  he  possesses  an  organ  quite  disproportionate  to  his 
actual  requirements — an  organ  that  seems  prepared  in  advance, 
only  to  be  fully  utilized  as  he  progresses  in  ci\ilization.  A  bnun 
slightly  larger  than  that  of  the  gorilla  would,  according  to  the 
evidence  before  us,  fully  have  sufficed  for  the  limited  mental  devel- 
opment of  the  savage;  and  we  must  therefore  admit,  that  the 
large  brain  he  actually  possesses  could  never  have  been  solely 
develoi)ed  by  any  of  those  laws  of  evolution,  whose  essence  ifl| 
that  they  lead  to  a  degree  of  organization  exactly  proportionate 
to  the  wants  of  each  species,  never  beyond  those  wants — that  no 
preparation  can  be  maae  for  the  future  development  of  the  race— 
that  one  part  of  the  body  can  never  increase  in  size  or  complexity, 
except  in  strict  co-ordination  to  the  pressing  wants  of  the  wfadlCi 
The  Drain  of  pre-historic  and  of  savage  man  seems  to  me  to  prove 
the  existence  of  some  power,  distinct  from  that  which  has  gnided 
the  development  of  the  lower  animals  through  their  ever-varying 
forms  of  being." 

IV.    ASTRONOMY. 

1 .  Cordova  Observatory  ufider  the  direction  of  Dr.  B.  A.  OouLa 
— Dr.  Gould  has,  at  our  request,  famished  us  with  the  following 
statement  with  regard  to  the  Cordova  Observatory  which  has 
been  placed  under  his  charge.  He  sailed  with  his  family  for  South 
America  in  the  latter  part  of  May. 

The  Argentine  Congress  voted  to  establish  a  national  observa- 
tory at  Cordova,  at  the  instance  of  President  Sarmiento,  and 
through  the  exertions  of  the  present  Minister  of  Public  Instrao- 
tion,  IJr.  Avelleneda, — ^who  in\dted  me  to  organize  and  take  chaige 
of  it,  knowing  my  desire  to  extend  the  catalogue  of  the  southeni 
heavens  beyond  the  limit  of  30°  to  which  the  zones  of  Argelander 
extend.  Bessel  went  through  the  region  from  46°  N.  to  16°  & 
with  systematic  zone-observations  at  K5nigsber^,  which  have  since 
been  reduced  and  published  in  two  catalogues  by  Weisse  of  Cra- 
cow. Argelander  carried  the  same  systematic  scrutiny  with  the 
Meridian  Circle,  from  Bessel's  Northern  limit  to  the  pole,  and 
afterwards  from  BessePs  southern  limit  to  30°  S. 

Since  then  Gilliss  has  observed  a  series  of  zones  for  30°  around 
the  south  pole ;  but  the  reduction  of  these,  although  very  &r  ad- 
vanced, was  not  completed  at  the  time  of  his  death,  and  the  Ms.  is 
now  stored  somewhere  in  Washington.  Let  us  hope  that  it  may 
at  some  time  be  recovered,  the  work  completed  ana  given  to  the 
world. 
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My  hope  and  aim  is  to  begin  a  few  degrees  North  of  Arge- 
ider's  southern  limit,  say  at  26°  or  27°,  and  to  carry  southward 
system  of  zone  observations  to  some  declination  beyond  Gilliss's 
rthem  limit,  thus  rendering  comparisons  easy  with  both  these 
lier  labors,  and  permitting  the  easy  determination  of  the  correc- 
»ns  needful  for  reducing  positions  of  any  one  of  the  three  series 
corresponding  ones  for  the  other.  It  is  of  course  impossible  to 
range  m  advance  the  details  of  such  an  undertaking,  but  my  ex- 
ctation  is  to  go  over  the  region  in  question  in  zones  2°  wide,  (ex- 
pt  in  the  vicmity  of  the  Milky  Way  where  the  width  would  be 
It  one-half  as  great,)  up  to  a  declination  of  about  55°,  after  which 
e  width  would  be  gradually  increased  as  the  declinations  became 
eater.  Within  these  zones  all  stars  seen  as  bright  as  the  9th  mag- 
tnde  would  be  observed,  so  far  as  possible,  moving  the  telescope 
altitude  when  no  bright  star  is  in  the  field  until  some  one  he- 
mes visible,  according  to  the  well  known  method  of  zone-obser- 
tions. 

For  reducing  the  observations,  differential  methods  will  probably 
I  employed,  inasmuch  as  the  time  now  assigned  for  my  absence 
)m  home  would  be  inadequate  for  proper  discussion  of  the  cor- 
:;ticns  required  for  nice  determinations  of  an  absolute  character. 
ill  it  is  my  present  purpose,  so  far  as  possible,  to  make  such 
bsidiary  determinations  as  might  hereafter  be  needed  in  any 
tempt  at  computing  the  observations  absolutely.  But  as  I  hardly 
mtnre  to  anticipate  any  opportunity  of  making  a  thorough  de- 
rmination  of  the  constants  of  refraction,  or  of  the  errors  of  grad- 
.tion,  it  seems  best  to  arrange  for  a  differential  computation  at 
ist  at  first. 

It  is  improbable  that  a  sufficient  number  of  well  determined 
irs  will  be  found  available  even  for  this  differential  reduction, 
id  the  necessity  may  thus  be  entailed  of  determining  the  com- 
krison-stars  myself,  this  determination,  however,  itself  depending 
K>n  standard  star  places.  So  far  as  possible  I  propose  employing 
oee  heretofore  determined  by  me,  and  published  by  the  coast 
rvey,  which  form  the  basis  of  the  star  places  of  the  American 
autical  Almanac. 

With  these  observations  of  position  it  is  my  hope  to  com- 
ne  others  of  a  physical  character  to  some  extent ;  but  in  the 
esence  of  a  plan  implying  so  much  labor  and  effort,  it  would  be 
iwise  to  rely  upon  the  possibility  of  accomplishing  much  more 
an  the  zone-work. 

The  Meteorological  relations  of  the  place  are  very  peculiar,  but 
Jare  not  undertake  any  connected  series  of  observations  bearing 
>on  these,  without  self-registering  apparatus,  which  is  beyond  my 
Bans.  ^ 

Cordova  is  one  of  the  oldest  cities,  and  contains  the  oldest  uni- 
rsity,  of  the  Western  hemisphere.  It  is  situated  in  31°^  S.  lat- 
ide,  on  the  boundary  of  the  Pampa,  where  the  land  begins  to 
le  toward  the  group  of  mountains  mown  as  the  Sierra  de  Cor- 
•va.     It  is  connected  with  Rosario,  on  the  Parana,  by  the  Cen- 
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tral  Argentine  railway,  which  has  probably  been  ab^ady  opened 
to  travel  through  its  entire  length  of  about  250  miles,  althongli 
information  to  that  effect  has  not  yet  reached  this  country. 

The  two  largest  instruments  will  be  a  Repsold  meridian-circle 
of  54  inches  focal  length  and  4^  inches  aperture,  and  an  equatorial 
by  Alvan  Clark  &  Sons,  provided  with  the  1 1  inch  object-glass, 
by  Fitz,  lately  in  the  posesr^ion  of  W.  Rutherfurd  who  has  supplied 
its  place  by  one  of  13  inches.  A  photometer  by  Ausfeld  of  Gotha, 
according  to  Z5llner's  latest  form,  has  been  constructed  under  the 
supervision  of  Prof.  Zollner  himself;  a  spectroscope  will  be  fiu^ 
nished  by  Mcrz  of  Munich,  and  a  clock  by  Tiede  of  Berlin. 

The  Scientific  institutions  of  the  U.  S.  have  afforded  the  expe- 
dition every  possible  assistance.  The  Coast  Survey  lends  a  circmt- 
breakim^  clock,  a  chronograph,  and  a  portable  transit ;  the  Smith- 
sonian Institution  lends  a  zenith  telescope ;  the  American  Acad- 
emy of  Arts  and  Sciences  of  Boston  [probably]  a  photometer  and 
spectroscope;  the  Washington  Observatory  ana  the  Nautical 
Almanac  have  greatly  aided^  the  imdertaking  by  gifts  of  books  and 
by  a  manuscript  copy  of  Gilliss's  catalogue  of  Standard  Stara;  and 
from  the  astronomers  of  England,  Germany  and  Russia  important 
assistance  has  been  freely  and  effectively  contributed,  in  the  order 
and  supervision  of  instruments  and  apparatus,  and  by  the  gift  of 
books,  as  well  as  by  important  and  valuable  suggestions. 

Four  assistants  will  accompany  me,  Messrs.  Miles  Rock,  Joha 
M.  Thome,  Clarence  L.  Hathaway  and  William  M.  Davis,  Jr.  Wa 
hope  to  reach  Buenos  Ayres  not  later  than  the  middle  of  Augnit 

The  building  is  now  under  construction  in  Boston.  The  meant 
available  proved  inadequate  for  its  construction  according  to  the 
original  plan,  which  was  in  the  form  of  a  cross,  with  four  square 
rooms  about  its  center,  and  turrets  at  its  four  extremities.  One 
half  of  it  \vill  be  first  erected ;  and  it  is  hoped  that  the  remaining 
portion  will  speedily  be  added. 

2.  Rectnt  Auroral  dispkiya  in  the  United  States. — ^We  are  now 
near  the  period  of  a  maximum  of  the  solar  spots,  and  if  auronl 
displays  observe  a  similar  periodicity,  we  must  also  be  near  an 
auroral  maximum.  The  reports  made  by  the  observers  of  the 
Smithsonian  Institution  as  published  with  the  monthly  Reports  of 
the  Department  of  Agriculture  have  been  examined  to  ascertam  the 
number  of  auroras  recorded  upon  successive  years.  Only  an  occa- 
sional observation  of  the  aurora  appears  in  these  Reports  until  the 
year  1869.  It  is  presumed  that  the  Department  of  Agricuhnre 
did  not  regard  the  auroral  observations  of  the  preceding  years  as 
possessing  sufficient  general  interest  to  authorize  their  pubuoation. 
The  following  are  the  dates  upon  which  auroras  were  reported  by 
at  least  one  of  the  observers  of  the  Smithsonian  Institution  for  the 
year  1869,  and  for  three  months  of  the  year  1870. 

1869,  Jan.  3,  5,  6,  7,  10,  13,  1*7,  18,  19,  20,  21,  22,  30,  T«ital  13  difi- 

Feb.  2,  3,  4,  6,  6,  8,  9,  10,  11.  16,  17.  18,  19,  "      13    '^ 

March  I,  2,4,  6,  6,  7.  8,  9,  10,  11, 12,  13,  14,  16,  17,  18,  30,  31,  "      18    " 
April  1,  2,  3,  4,  6,  6,  7,  8,  9,  10,  11,  12,  13,  14,  15,  16,  17,  19, 

22,  23,  28,  29,  SO,  '•      SS    ** 
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J9,  May  3,  4,  5,  6.  7,  8  9, 10  12.  13.  24,  27,  28,  29,  Total,  14  days. 

June  4,  6,  6,  7,  8,  12   16,  16,  19,  20,  28,  25,  26,  27.  28,  29.  80,    "       17     *' 
July  2,  3,  6.  10,  11,  12,  18,  14,  15.  16,  17,  18,  19,  20,  25.  26, 

28  29  " 

Aug.  1,  3,  5,'  6,  7,  10.  14,  16,  16,  22,  24  27,  28,  29.  30, 
Sept  I,  2.  3,  4,  6.  6,  8,  9,  10,  11,  12,  13   14,  16,  16.  19, 

24,  26,  27,  28.  29.  30, 
CkJt  1.  2,  4.  6,  6.  8.  9.  12.  21,  22.  24,  25,  26,  27,  28.  30.  31, 
Nov.  1,  6,  8,  9,  10,  12,  25,  26,  29, 

Dec  4,  5,  6,  7,  13.  14,  15,  18,  22.  25,  2ii.  29,  30, 

Total  for  the  year  1869,  192  days. 

rO,  Jan.  1,  2,  3, 4,  5,  6,  7,  8,  9, 16, 18,  24.  25,  26  27,  28,  29,  30  31,  Total  19  days. 
Feb.  1,  2,  3.  4.  6,  6,  10.  11,  12.  13,  20,  21,  28,  24,  25,  26,  27,  28,   *     18     *' 
ICarch  1,  2,  3.  4  6,  8,  9,  10,  11,  18,  19,  20,  21,  22.  23,  24,  25, 

26,  27,  28,  29,  30,  31,  "     23     " 

Total  for  three  months  of  1870,  60    " 

These  observations  indicate  a  very  remarkable  number  of 
iToraSy  but  it  should  be  remembered  that  they  are  derived  from 
e  reports  of  350  observers  spread  over  a  territory  embracing  56 
agrees  of  longitude  and  20  degrees  of  latitude.  In  order  that  we 
ay  be  able  to  make  a  comparison  with  former  years,  it  is  desir- 
ile  to  have  a  similar  summary  of  the  repdrts  of  all  the  Smith- 
fnian  observers ;  and  it  is  to  be  hoped  that  the  Secretary  of  that 
istitntion  will  furnish  us  with  such  a  summary  for  each  year  since 
te  Smithsonian  system  of  meteorological  observations  was  com- 
lenced. 

The  following  summary  of  the  auroral  observations  made  for 
re  years  at  Depauville,  N.  Y.  (lat.  44°  T  N.  long.  76°  3'  W.)  has 
ien  furnished  by  Mr.  Henry  Haas. 

Jan.   Feb.   March.  April.  Ma^'.  Jane.  Joiy.   Aog.   Sept.   Oct.    Not.   Deo.   Tear. 
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The  number  of  auroras  reported  for  the  different  years  is  re- 
arkably  uniform,  and  similar  results  have  been  found  at  other 
ations  where  the  annual  number  of  auroras  rises  as  high  as  fifty 
r  npwards;  but  in  lower  latitudes  where  auroral  displays  are 
as  frequent,  the  indications  of  periodicity  are  unmistakable. 

V.      MISCELLANEOUS  SCIENTIFIC   INTELLIGENCE. 

1.  VaricUions  in  the  JEccentricity  of  the  EartKs  Orbit, — In  vol 
Ivi  of  this  Journal  (1868),  Prof.  J.  N.  Stockwell  has  a  paper,  with 
chart,  illustrating  the  variations  in  the  eccentricity  of  the  Earth's 
rbit  for  the  past  one  million  of  years,  starting  from  a  point  1 75,000 
Bars  back  oi  the  present  time ;  and  in  an  earlier  memoir  "  On  the 
scalar  Equation  of  the  Moon's  mean  motion  "  published  at  Cam- 
ridge  in  1867,  he  has  given  a  similar  chart  for  the  million  of  years 
llowing.  His  calculations  were  made  for  intervals  of  10,000 
iars,  and  hence  they  are  much  more  exact  than  the  earlier  chart 
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of  Croll,  whose  intervals  were,  for  the  major  part  of  it,  50,000 
years.  Tlie  main  point  put  forward  by  Prof.  Stockwell  in  his 
Cambridge  memoir  has  not  been  accepted  by  astronomers,  but  this 
does  not  affect  his  calculations  of  the  eccentricity.  According  to 
his  results  for  past  time,  a  low  maximum  occurred  about  100,000 
ears  back ;  a  higher,  200,000  years ;  a  lower,  300,000 ;  a  rath^ 
ow  minimum  410,000 ;  a  low  maximum,  475,000 ;  a  very  low  mim- 
mmn,  520,000;  a  maximum,  570,000;  two  maxima,  the  second 
750,000;  a  very  low  minimum  800,000;  an  extreme  maximum, 
850,000 ;  another  very  low  minimum,  000,000 ;  a  high  maximum, 
950,000 ;  etc. — In  future  time,  there  will  be  a  very  low  minimnm, 
24,000  years  on ;  a  low  maximum,  160,000  years ;  another  low  max- 
imum, 250,000 ;  a  very  low  mininmm,  300,000  ;  a  low  Tnaxironm, 
400,000 ;  a  very  high  maximum,  515,000 ;  a  minimum,  560,000;  an 
extreme  maximum,  010,000  years ;  and  so  on.  Some  of  the  miDor 
undulations,  and  most  of  the  minima,  are  not  here  noted. 

2.  Note  on  an  JEJlectrtficatioH  of  an  Island ;  by  F.  Jknkik.— 
A  curious  discovery  has  been  made  by  Mr.  Gott,  the  superinteD- 
dent  of  the  French  company's  telegraph  station  at  the  little  island 
of  St.  Pierre  Miquelon.  There  are  two  telegraph  stations  on  the 
island.  One,  worked  in  connection  with 'the  Anglo-American  com- 
pany's lines  by  an  American  company,  receives  messages  from 
N'ewfoundland  and  sends  them  on  to  Sydney,  using  for  Ae  latter 
purpose  a  powerful  battery  and  the  ordinary  Morse  signals. 

The  second  station  is  worked  by  the  French  Trans-atlantio  Com- 
pany, and  is  furnished  with  exceedingly  delicate  receiving  instru- 
ments, the  invention  of  Sir  William  Tnomson,  and  used  to  receive 
messages  from  Brest  and  Duxbury.  These  very  sensitive  instru- 
ments were  found  to  be  seriously  affected  by  earth-currents;  Le, 
currents  depending  on  some  rapid  changes  in  the  electrical  condi- 
tion of  the  island  ;  these  numerous  changes  caused  currents  to  flow 
in  and  out  of  the  French  company's  cables,  interfering  very  much 
with  the  currents  indicating  true  signals.  This  phenomenon  is  not 
an  uncommon  one,  and  the  inconvenience  was  removed  by  laying 
an  insulated  wire  about  three  miles  long  back  from  the  station  to 
the  sea,  in  which  a  large  metal  plate  was  immersed ;  this  plate  ia 
used  in  practice  as  the  earth  of  the  St.  Pierre  station,  the  changes 
in  the  electrical  condition  or  potential  of  the  sea  being  small  and 
slow,  in  comparison  with  those  of  the  dry  rocky  soil  ot  St.  Pierre. 
After  this  had  been  done,  it  was  found  that  part  of  the  so-called 
earth-currents  had  been  due  to  the  signals  sent  by  the  American 
company  into  their  own  lines,  for  when  the  delicate  receiving  in- 
strument was  placed  between  the  earth  at  the  French  station  and 
the  earth  at  the  sea,  so  as  to  be  in  circuit  with  the  three  miles  of 
insulated  wire,  the  messages  sent  by  the  rival  company  were 
clearly  indicated,  so  clearly  indeed,  that  they  have  been  automati- 
cally recorded  by  Sir  William  Tliomson's  syphon  recorder.  An- 
nexed is  a  facsimile  of  a  small  part  of  the  message  concerning  the 
loss  of  the  steamship  Oneida,  stolen  in  this  manner  [here  omitted.] 

It  must  be  clearly  understood  that  the  American  lines  come  no- 
where into  contact,  or  even  into  the  neighborhood  of  the  French 
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ine.  The  two  stations  are  several  hundred  yards  apart,  and  yet 
nessages  sent  at  one  station  are  distinctly  read  at  the  other  sta- 
ion;  the  only  connection  between  the  two  being  through  the 
»arth;  and  it  is  quite  clear  that  they  would  be  so  received  and 
•ead  at  fifty  stations  in  the  neighborhood  all  at  once.  The  expla- 
lation  is  oovious  enough:  the  potential  of  the  ground  in  the 
leighborhood  of  the  stations  is  alternately  raised  and  lowered  by 
lie  powerful  battery  used  to  send  the  American  signals.  The  po- 
tential of  the  sea  at  the  other  end  of  the  short  insulated  line  remains 
ilmost  if  not  wholly  unaffected  by  these,  and  thus  the  island  acts 
ike  a  sort  of  great  Leyden  jar,  continually  charged  by  the  Ameri- 
can battery,  and  discharged  in  part  through  the  short  insulated 
French  line.  Each  time  the  American  operator  depresses  his  send- 
ng  key,  he  not  only  sends  a  current  through  his  Imes,  but  electri- 
ies  the  whole  island,  and  this  electrification  is  detected  and 
recorded  by  the  rival  company's  instruments.     *     *    * 

All  owners  of  important  isolated  stations  should  use  earth-plates 
It  sea,  and  at  sea  only.  This  plan  was  devised  by  Mr.  C.  \  arley 
nany  years  ago  to  eliminate  what  we  may  term  natural  earth- 
mirents,  and  now  it  should  be  used  to  avoid  the  production  of 
irtificial  earth-currents  which  may  be  improperly  made  use  of. — 
Nature^  May  6th,  1870. 

3.  Baron  von  Hichthof eft's  Meplorations  in  China. — ^The  Baron 
V.  RiCHTHOPEN,  formerly  of  the  Geological  Survey  of  Austria, 
accompanied  Mr.  J.  Ross  Brown  to  Chma  two  years  ago,  and 
since  then  has  occupied  his  time  in  making  geological  explora- 
tions in  China.  His  investigations  have  been  encouraged  by  the 
generous  subscription  of  16,000  dollars,  made  by  the  American 
merchants  of  Chma  to  aid  him  in  prosecuting  such  exploration. 
An  interesting  feature  of  this  subcription  is  that  he  is  at  liberty  to 
086  it  as  he  deems  best  for  the  interests  of  science,  without  regard 
to  immediate  commercial  or  economic  results,  and  in  addition  to 
his  geological  work,  he  purposes  to  institute  meteorological  obser- 
vations at  several  points. 

Already  many  important  additions  have  been  made  to  the  knowl- 
edge of  the  geology  of  Northern  China  and  Manchuria.  Some  of  his 
observations  made  between  Shanghai,  and  Han-kau  were  published 
in  the  Proceedings  of  the  American  Academy  of  Boston,  vol.  viii. 
Since  these  were  written  other  letters  have  been  received  by  Pro£ 
J.  D.  Whitney,  from  which  we  hope  to  make  extracts  for  a  future 
number  of  this  Journal. 

4.  Thermal  Units. — Prof.  T.  Muir  proposes  in  "  Nature"  of  April 
14th,  the  introduction  of  the  word  therm  for  a  thermal  unit,  mak- 
ing that  unit  the  quantity  of  heat  necessary  to  raise  the  temperature 
of\  gram  of  water  from  0°  C.  to\^  C.  Therm^  hectotherm^  kilo- 
Oierm  would  be  consequently  the  expressions  for  respectively 
1,100,  1000  therms,  suggestively  corresponding  to  gram,  hecto- 
gram, kilogratn  in  name  as  well  as  in  nature." 

5.  Astronomy  at  the  Cape  of  Good  Hope, — Mr.  E.  J.  Stone,  F. 
R,8.,  of  the  Greenwich  Observatory,  has  received  an  appointment 
to  this  position. — Nature,  June  23. 
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6.  American  Association. — ^The  American  Aesociation  for  the 
Advancement  of  Science  will  hold  its  next  meeting  in  Troy,  com- 
mencing on  the  first  Wednesday  in  August.  Prol  William  Chaih 
venet  is  the  President  for  the  year. 

7.  British  Association. — The  next  meeting  of  the  British  Asso- 
ciation will  be  held  at  Liverpool  on  Wednesday,  the  14th  of  Sep- 
tember, under  the  Presidency  of  Prof  Huxley. 

8.  Admiral  Russell  Henry  Manners,  President  of  the  Astro- 
nomical Society  of  London,  died  recently,  aged  70  years. 

IV.    MISCELLANEOUS  BIBLIOGRAPHY. 

1.  A  concise  analytical  and  logical  Development  of  the  Atmos- 
pheric System  as  God  fnade  it ;  and  the  Elements  of  prognostieik- 
tion  by  which  the  weather  may  be  forecasted;  desisted  as  a 
Weather-book  for  the  practical  mij  id  of  the  Country;  by  Thomas 
B.  Butler.  Hartford,  1870.  404  pp.  8vo. — This  work  on  Meteo^ 
ology  will  be  read  with  profit  by  all  interested  in  the  Bubject.  It 
presents  a  large  number  of  facts  of  the  Author's  own  obseryatioiis, 
together  with  others  from  various  sources,  and  is  illustrated  with 
many  woodcuts.  The  title  is  calculated  to  excite  a  prejudice  is 
scientific  minds  against  the  volume,  and  many  would  at  onoe  sub- 
stitute for  "  The  Atmospheric  System  as  God  made  it,"  "  The  At- 
mospheric System  as  Thomas  B.  Butler  makes  it."  The  subject  is 
too  large  a  one  to  be  discussed  in  a  book  notice ;  and  we  refer, 
therefore,  to  the  volume  for  the  views,  which,  according  to  the 
motto  on  the  title  page,  is,  in  the  author's  opinion,  *'  the  truth 
[that]  is  mighty  and  will  prevail." 

2.  Synopsis  of  the  ^Exthict  Batrachia  and  Beptilia  of  North 
America :  Part  2d.  By  Edward  D.  Cope. — This  second  part  of 
Pro£  Cope's  important  work  on  the  Extinct  Batrachia  and  Rep* 
tilia  of  iNTorth  America  includes  the  synopsis  of  the  remainder  of 
the  Dinosauria,  the  Testudinata,  the  Pterosauria,  the  Pythonomo^ 
pha,  and  the  Ophidia.  The  Testudinata  are  divided  into  two 
groups :  the  Cryptodira,  represented  by  thirty-four  species  which 
are  referred  to  fourteen  genera,  and  the  Pleurodira,  represented 
by  ten  species  of  four  genera.  Bhabdofelix  longispinis  Cope  is 
the  only  known  North  American  representative  of  the  PterosauiisL 
Of  the  Pythonomorpha,  the  author  mentions  twenty-seven  species. 
Three  species  of  the  Ophidia  are  given.  Several  additional  Reptil- 
ian species  are  remarked  upon  in  the  Appendix,  and  one  new  genus 
of  the  Cheloniidse  is  defined.  Prot  Cope,  through  his  labors,  is 
throwing  great  light  on  the  ancient  vertebrate  life  of  this  continent 

3.  Mrst  Principles  of  Chemical  Philosophy ;  by  Josiah  P. 
Cooke,  Jr.,  Erving  Professor  of  Chemistry  and  Mineralogy  in 
Hai-vard  College.  634  pp.  text  and  22  tables  and  index,  12mo.— 
The  first  part  of  l^of.  Cooke's  Chemical  Philosophy  was  noticed 
in  a  former  volume  of  this  Journal.  That  portion  of  the  work,  it 
will  be  remembered,  was  devoted  to  the  development  of  the  fun- 
damental principles  of  chemical  science.  In  the  second  part  of  hiB 
treatise,  the  author  gives  a  succinct,  but  very  comprehensive,  sum- 
mary of  the  more  important  elements  and  compounds,  exhibiting 
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their  oonstittition  and  relation  by  means  of  formulae  and  reactions, 
illustrated  by  problems  calculated  to  direct  the  attention  of  the 
student  to  the  more  important  facts  and  principles  of  the  science. 

B^  his  method  of  developing  the  subject,  Prof  Cooke  succeeds 
in  giving  to  chemistry  a  high  degree  of  logical  sequence  and  math- 
ematical exactness,  and  his  work,  taken  in  connection  with  a  good 
book  of  laboratory  practice,  will  be  found  a  most  efficient  aid  to 
both  teacher  and  pupil  in  the  study  of  chemistry. 

4.  Neue  Untereuchungen  Hber  den  elektrisirten  Sauerstoff;  von 
Dr.  G.  Meissnsb.  Hit  zwei  lithographirten  tafeln.  Gdttingen, 
1869.  4to,  pp.  1 10. — ^This  brochure,  re-published  from  the  Transac- 
tions of  the  Royal  Academy  of  Sciences  in  Gdttingen,  contains  the 
experiments  made  by  the  author,  with  the  aid  of  his  previous  ex- 
perience, in  support  of  his  opinion  that  the  so-called  atmizone  or 
antozone  fog  consists  only  of  electrified  oxygen  and  water;  an 
opinion  stated  in  his  previous  research  publisned  in  1863.  An  ab- 
stract of  this  supplementary  memoir  of  Meissner  will  appear  in 
oar  next  number. 

5.  Oreal  Outline  of  Geography:  a  Text-Book  to  accompany 
the  Universal  Atlas:  by  Thbodobe  S.  Fay.  238  pp.  12mo.  New 
York,  1869.  (G.  P.  Putnam  &  Son). — ^Mr.  Fay  has  made  an  impor- 
tant contribution  to  our  means  of  instruction  in  geography  in  the 
Atlas  and  its  accompanying  text,  lately  published  by  Putnam  & 
Son.  The  work  has  been  long  in  preparation,  the  map  having 
been  prepared  by  Hassenstein  of  Berlin,  during  the  author's  long 
residence  as  American  Minister  at  European  courts.  A  fac-simile 
of  a  letter  received  by  the  author  from  Humboldt  expressing  his 
approval  of  it,  is  given  in  the  volume.  The  number  of  plates  con- 
stituting the  atlas  is  eight,  the  most  of  them  double  and  al]  well 
executed.  They  ^ve,  as  far  as  the  limited  space  allows,  the  chief 
astronomical,  pohtical  and  historical  features  of  geography,  to- 
gether with  some  of  the  physical,  and  are  presented  in  a  clear 
and  striking  manner.  The  text  consists  partly  of  brief  explana- 
tions of  terms  and  principles,  and  of  historical,  geographical  and 
other  observations,  out  mainly  of  lists  of  places  to  be  looked  out 
on  the  maps.  The  plan  of  instruction  proposed  in  the  work  is 
for  the  teacher  to  read  the  lesson  from  the  book  while  the  pupil 
before  him  "  follows  every  word  upon  the  plates,"  looking  for  tie 
oities,  rivers,  <&c.,  as  the  names  are  mentioned ;  and  this  exercise, 
which  is  not  to  exceed,  at  any  one  time,  an  hour,  is  study  enough. 
The  pupil  who  goes  through  with  the  work  under  the  guidance  of 
a  patient  teacher  cannot  fail  to  become  well  acquainted  with  the 
suDJect. 

6.  Geology  and  BevekUion  ;  or  the  ancient  history  of  the  earth 
eojisidered  in  the  light  of  Geological  facts  and  revealed  religion^ 
mth  liUiStraJtions  /  by  the  Rev.  Gbbald  Molloy,  D.D.,  Professor 
of  Theology  in  the  Royal  College  of  St.  Patrick  Meynooth.  418 
pp.  12mo.  London,  1870.  (Longmans,  Green,  Reader  and  Dyer). 
— No  book  on  this  subject  has  appeared  from  the  theological  side 
that  is  more  worthy  of  respect  than  this  by  Dr.  Molloy.  The 
author's  discussion  of  the  prmoiples  of  geology,  with  reference  to 
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their  bearing  on  the  Mosaic  history  of  Creation  evinces  great 
familiarity  with  the  science  and  the  necessities  of  the  nnBcientific 
reader,  and  thorough  knowledge  of  the  sacred  record*  In  treating 
of  the  antiquity  of  the  earth  he  enforces  his  argument  by  copious 
quotations  from  the  Christian  Fathers,  showing  that  long  before 
;eology  had  any  existence  as  a  science,  and  of  course,  when  tiie 

jcussions  and  doubts  it  has  excited  were  unknown,  the  essential 
points  respecting  tune  and  the  order  of  Creation  had  received 
careful  attention  from  devout  thinkers,  and  that  the  conclusions,  al 
which  they  arrived  on  purely  theological  grounds,  were  in  most 
cases  much  the  same  as  those  which  the  best  writers  of  our  time 
deduce  from  geological  evidence.  Dr.  Molloy  closes  his  argo- 
ments  as  follows : — "  We  have  then  two  distinct  systems  of  inte^ 
pretation  according  to  which  the  vast  antiquity  of  the  earth 
asserted  by  geology  may  be  fairly  brought  into  harmony  with  the 
history  of  creation  recorded  in  Scripture.  One  allows  an  intenral 
of  incalculable  duration  between  the  Creation  of  the  Heavens  and 
the  Earth,  and  the  work  of  the  six  days ;  the  other  supposes  each 
one  of  the  six  days  to  have  been  itself  an  indefinite  period  of 
time."  The  questions  touching  the  antiquity  of  the  human  race 
the  author  proposes  to  discuss  separately  at  a  future  time. 

We  understand  that  this  work  will  soon  be  issued  from  the  pub- 
lishing house  of  G.  P.  Putnam  &  Son  of  New  York. 

7.  Reliquioi  AquitaniccB^  being  contributions  to  the  Archaeology 
and  Palceontology  of  Perigord  ami  the  adjoining  JProvi?iee9  of 
Southern  France ;  by  E  Lartet  and  Henry  Christy,  edited  by 
Thomas  Rupert  Jones,  Prof.  GeoL,  etc.,  Roy.  Mil  College,  Sana- 
hurst.  Part  X,  for  February,  1870,  carries  the  work  to  pages  140 
and  132  in  its  two  parts,  the  plates  to  A  xxxu,  and  B  xvin. 

Report  of  the  Commissioner  of  Agriculture  for  the  year  1868.  671  pp.  Wash- 
faigton,  1869. 

Annual  Report  of  the  Trustees  of  the  Museum  of  Comparative  Zoology,  at 
Harvard  College.  42  pp.  8va    Boston.  1870. 

First  Annual  Report  of  the  American  Museum  of  Natural  History.  [Museum  in 
the  Now  York  Park.]  30  pp.  8vo.    Jan.  1870. 

Transactions  of  the  Kdinbiu-gh  Geological  Society,  Vol  I,  Parts  I,  U,  HI,  372  ppi 
8vo.  with  many  plates.    1868-1869.     Edinburgh. 

Tables  for  the  determination  of  Minerals;  by  Thomas  Egleston,  Jr.,  Prof.  Min. 
and  Met,  in  the  School  of  Minos  of  Columbia  College.  26  pp.  8vo.    New  Toric, 

1870. 

A  Treatise  on  Elementary  Geometry,  with  appendices  containing  a  CoUection  of 
Exercises  for  students  and  an  introduction  to  Modem  Greometry;  by  "William 
Chauvenet,  L.L.D.  Prof,  of  Math,  and  Astr.  in  Washington  Univ.  368  pp.  Sm 
Philadelphia,  lb70.    (J.  B.  Lippinoott) 

On  Eozoon  Canadense,  by  Professors  William  King  and  T.  H.  Rowuoy,  of  Queen's 
Univ.,  Ireland.  48  pp.  8vo.,  with  4  colored  plates.  From  the  Proc.  R.  Iri»h  Aad- 
July,  1869.  [Facts  and  arguments  against  the  animal  nature  of  tiie  Eozoon,  from 
which  we  may  cite  at  another  time]. 

Report  of  tie  British  Association  for  1869.    cv,  434  and  260  pp.     London,  18T0. 

Grundziige  einer  aJlgemeinen  Theorie  der  Oberflachen  in  synthetiflcher  BebiiKi' 
lung,  von  D.  Ludwig  Cremona,  Prof.  Berlin.    1870. 

Annali  di  Mathematica  pura  ed  applicata,  diretta  da  F.  Brlosdiie  L.  Cremoztfi 

Ser.  II,  Milano. 

The  American  Colleges  and  the  American  Public;  by  Noah  Porter,  D.D..  Pro- 
fessor in  Yale  College.  282  pp.  12ma  New  Haven,  Conn.,  1870.  (G.  C  QokM 
&Co.) 
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te  Great  Architect :  Benedidte ;  or  Illustrations  of  the  Power,  Wisdom  and 
loess  of  God,  as  manifested  in  his  works,  bj  G.  Ghapliii  Child,  M.D.  Two 
in  ooe;  reprinted  fh>m  the  London  edtion.    376  pp.  12mo.     1869. 

manual  of  Political  Economy,  by  £.  Peshine  Smith.    2G9  pp.  12mo.     1869. 

dments  of  Geology,  intended  for  the  use  of  studeuts,  by  Samuel  St.John, 
of  Chemistry  aud  Geology  iu  College  of  Physicians  aud   Surgeons,  New 
;.     Eleventh  edition.    334  pp.  12mo.     1869. 

iteonomy  without  Mathematics,  by  Edmtjkd  Beckett  Denison,  L.L.D.,  Q.C., 
?.R.S.,  autlior  of  the  Rudimentary  Treatise  on  Clocks  and  Watches  and  BeUs, 
ires  on  Church  Building,  etc.  From  the  fourth  London  Edition.  Edited  with 
ciions  aud  notes,  by  Plint  E.  Chase,  A.M.    357  pp.  12mo.     1869. 

stares  on  Natural  Theology  or  Nature  and  the  Bible,  delivered  before  the 
)11  Institute,  Boston,  by  P.  A.  Chadbourke,  A.M.,  M.D.,  Prof,  of  Nat.  Hist 
Oliams  College,  author  of  Lectures  on  the  Relations  of  Natural  History,  etc 
ip.,  12mo.     1869. 

iwing  without  a  Master.  The  Cave  method  for  learning  to  draw  from  memory, 
•dame  Mabie  Elizabeth  Cave.  Translated  from  the  fourth  Paris  edition, 
led,  corrected  and  enlarged  by  the  auUior.     130  pp.,  12mo.     1868. 

B  Cave  Method  of  Drawing.  2d  part,  Color:  for  teaching  painting  in  oils  and 
*  colors.    Translated  from  the  third  French  edition.     1 10  pp.  12mo.     1869. 

B  New  West,  or  California  in  1867-8,  by  Charles  Lorino  Brace,  author  of 
s  of  the  Old  World,  Home  Life  in  Germany,  Hungary  in  1851,  etc  S73  pp. 
.     1869. 

mders  of  the  Deep,  a  Companion  to  Stray  Leaves  from  the 'Book  of  Nature, 
.  SCHSLE  DE  Yere.    361  pp.  12mo.     1870. 

r  Admiral's  Flag  Abroad.    The  Cruise  of  the  Franklin.    464  pp.  1869. 
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Lrt.  XVL — Comparison  of  the  mean  daily  range  of  (he  Magnetic 
Declination^  wim  the  number  of  Auroras  observed  each  year,  and 
the  extent  of  the  black  Spots  on  the  surface  of  the  Sun  ;  by  Elias 
LooMis,  Professor  of  Natural  Philosophy  in  Yale  Coliega 

In  1826,  M.  Schwabe  of  Dessau  in  Germany  commenced  a 
eries  of  observations  of  the  solar  spots  which  he  has  continued 
o  the  present  time.  For  each  year  he  has  kept  a  record  of  the 
Lumber  of  days  of  observation,  the  number  of  groups  of  spots 
►^served,  and  the  days  on  which  the  sun  was  See  n-om  spots. 
?hese  observations  decidedly  indicate  a  periodicity  in  the  num- 
>€r  of  the  solar  spots,  a  maximum  recurring  at  an  interval  of 
rem  7  to  18  years.  In  1849,  Dr.  Rudolf  Wolf,  of  Zurich, 
Switzerland,  commenced  a  series  of  observations  for  the  same 
•bject  as  those  of  Schwabe,  but  upon  a  plan  somewhat  more 
Precise  and  thorough.  For  each  day  of  observation  he  recorded 
wo  numbers ;  the  first  showed  how  many  groups  or  isolated 
pots  were  seen  with  a  four-feet  Fraunhofer  telescope  and  a 
nagnifying  power  of  64 ;  the  second  showed  the  total  number 
>f  visible  fepots  for  that  day.  In  order  to  deduce  from  these 
observations  a  series  of  numbers  which  shall  be  proportional 
o  the  amount  of  spotted  surface  of  the  sun,  he  multiplies 
he  number  of  groups  for  each  day  by  ten,  and  adds  to  this 
)roduct  the  total  number  of  spots.  Thus,  if  on  a  certain  day 
le  counts  9  groups  and  81  single  spots,  he  obtains  121 
9  X 10 + 81)  which  he  calls  the  relative  number.  The  mean  of  all 
he  numbers  thus  obtained  for  a  month,  is  the  relative  number 
or  that  month ;  and  the  mean  of  the  number  thus  obtained  for 
Am.  Joub.  Sol— Second  Series,  Tol.  L,  Na  U9.— Sept.,  1870. 
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a  year  is  the  relative  number  for  that  year.  Dr.  Wolf  has  con- 
tinued these  observations  to  the  present  time,  and  they  show 
clearly  a  minimum  in  1856  and  another  in  1867,  the  interval 
being  11  years. 

Dr.  Wolf  has  made  a  most  thorough  examination  of  the 
records  of  Astronomical  observers,  since  the  invention  of  the 
telescope  in  1608,  and  has  aimed  to  deduce  a  similar  series  of 
numbers  which  shall  be  proportional  to  the  amount  of  spotted 
surface  of  the  sun  for  a  penod  of  260  years.  In  this  attempt 
he  has  been  remarkably  successful,  and  he  claims  to  have  ie- 
termined  the  date  of  every  maximum  and  every  minimum  of 
the  solar  spots  since  1608.  He  has  also  published  a  table  of 
relative  numbers  for  each  year  since  1700,  in  which,  however, 
we  find  36  years  marked  with  an  interrogation  point,  indicatmg 
that  the  numbers  for  those  years  are  specially  unreliable,  or 
were  derived  by  interpolation.  Since  1749  only  12  years  are 
thus  marked  with  an  interrogation  point  These  years  are  1774, 
1792,  1793,  1801  to  1807,  and  1814r^.  From  1749  to  1826, 
the  numbers  for  37  years  are  claimed  to  be  specially  reliable. 

The  following  is  a  list  of  all  the  important  observations  since 
1700  from  which  these  numbers  are  derived.  All  the  refer- 
ences are  to  "  Vierteljahrschrift  der  Naturforschenden  Gesell- 
schaft,  in  Zurich." 

Obs.  from  1700-1748  by  Kirch,  vol  12;Ob8.   from  1794-1830    by  FlaugergoM, 


p.  142. 
1706-1726  by  Plantade,  vol  6, 

p.  258. 
1718-1726  by  Rost  and  Alis- 

chez,  vol.  5,  p.  261. 
1742-1751  by  Hagen,  voL  4, 

p.  250. 
1749-1799  by  StAudacber,  vol. 

2,  p.  277. 
1754-1 760  by  Zuoconi,  vol  2, 

p.  285. 
1769  by  Horrebow,  vol.  10,  p. 

281. 
1773-1777  by  Mallet,  vol  3, p. 

394. 


vol.  6,  p.  433. 
1800-1818  by  Heinrich,  tdL 

4,  p.  85. 
1813-1836  by  Stark,  vol  3, 

p.  373. 
1816-1825  by  Teyel,  vol  4,  pi 

239. 
1819-1823  by  Adama,  ixl  C, 

p.  449. 
1826-1868  by  Schwaba,  ToL  1, 

p.  266 ;  voL  5,  p.  1,  etc 
1849-1868  by  Wolf,  vela  l,t3 

14. 
1854-1860  by  CarringtOD,  vol 


9,  p.  248. 

I  have  no  reason  to  doubt  that  the  relative  numbers  which 
Dr.  Wolf  has  derived  from  these  observations  are  generally  as 
accurate  as  can  be  deduced  from  the  materials  employed,  but  I 
think  his  numbers  need  some  correction  for  the  years  1798  and 
1794  and  probably  also  for  1795.  His  numbers  from  1787 
to  1795  are 


1787 

92-8* 

1790 

75-2 

1798 

20-7? 

1788 

90-6* 

1791 

461 

1794 

28-9 

1789 

85-4 

1792 

52-7? 

1795 

16-6 

I  propose  to  examine  into  the  accuracy  of  these  numbers  tat 
1798  and  1794 
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The  relative  numbers  fix)m  1787  to  1798  depend  almost  en- 
tirely upon  the  observations  of  Staudacher.  On  p.  283,  voL  2, 
Wolf)  Dy  comparing  the  average  number  of  spots  on  each  day 
of  observation,  deduces  the  following  numbers  : 


1787. 

1788. 

1789. 

1790. 

1791. 

1792. 

1793. 

46-4 

45-8 

89-4 

87-6 

22-8 

21-7 

17-0 

The  relative  numbers  which  he  gives  for  1787  and  1788  are 
obtained  by  doubling  the  corresponding  numbers  here  given 
for  those  years ;  and  applying  the  same  rule  to  1798  we  obtain 
84  as  the  relative  number  for  that  year.  If  we  combine  with 
Staudacher's  observations,  the  six  observations  made  by  Huber, 
Hahn,  and  Bode  we  shall  obtain  almost  exactly  the  same  result 
I,  therefore,  adopt  84  as  the  most  probable  relative  number  for 
1798. 

The  relative  number  for  1794  depends  chiefly  upon  the  ob- 
servations of  Flaugeigues,  and  I  will  compare  his  observations 
for  1794  with  those  ror  1816,  for  which  year  Wolf  considers 
the  relative  number  as  well  determined ;  and  I  will  also  include 
16  days  (Sept  12  to  27,  1794)  as  being  without  spots.  The 
following  is  a  summary  of  the  results : 


GitmpA. 

Spots. 

Days. 

Avera^  dafly  No.  of 
Oroupt.           Spots. 

IMiUTeNo. 

1794, 

41 

148 

35 

117        4-28 

15-9 

1816, 

62 

112 

61 

1-22        2-20 

14-4 

The  relative  number  which  Wolf  adopts  for  1816  is  45*5. 
The  above  result  for  1794,  reduced  to  the  same  scale,  becomes 
60'2,     If  we  combine  with  the  observations  of  Flaugergues. 
observations  on  15  days  made  by  Ende,  Herschel,  Bode  and 
Staudacher,  this  relative  number  will  be  somewhat  increased. 
I  therefore  adopt  50  as  a  number  not  too  great  for  the  relative 
number  of  1794,  in  place  of  28*9  given  by  Wolf.     A  similar 
analysis  applied  to  the  observations  of  1795  would  give  85  as 
the  correct  relative  number  instead  of  16*5.     The  maximum  for 
1804,  Dr.  Wolf  estimates  at  70 ;  but  this  number  is  altogether 
conjectural,  since  observations  are  reported  for  only  two  days  of 
tliat  yean     The  observations  of  the  magnetic  declination  mdi- 
cate  that  this  number  is  too  great,  and  I  have  accordingly  re- 
duced it  to  50,  and  have  reduced  the  numbers  for  the  three 
preceding  and  following  years  in  the  same  ratio.     The  entire 
8^es  of  relative  numbers  from  1740  to  1868  will  then  be  as 
foUowa     An  asterisk  (*)  denotes  a  result  considered  specially 
trustworthy ;  an  interrogation  point  (?)  denotes  a  result  consid- 
ered specially  untrustworthy. 
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Table  of  Relative  Number  of  Solar  Spots  Each  Year, 


Tear. 

1740 

Number 

of 
Spots. 

Ywir, 
1766 

Number 

of 

Spots. 

Number 
Yctr.  1   of 
Spots. 

Yetr. 

1818 

Number 

of 
Spots. 

Tear. 

1844 

Number 
oCI 
Spots. 

600? 

17-5 

1792  52-7  ? 

341* 

13-0* 

1741 

350? 

1767 

33-6 

1793  34  0? 

1819 

22-5» 

1845 

33*0* 

1742 

18-3 

1768 

62-2 

1794'  600 

1820 

8-9* 

1846 

47-0* 

1743 

14-6 

1769 

85  7* 

1796,  35.0 

1821 

4-3* 

1847 

79-4* 

1744 

60? 

1770 

79-4* 

17961  9-4* 

1822 

2-9» 

1848 

100-4* 

1745 

100? 

1771 

732» 

1797;  6-6» 

1823 

13* 

1849 

95-6* 

1746 

20-0? 

1772 

49-2 

1798'  2-8* 

1824 

6-7 

1860 

64-6* 

1747 

360? 

]773 

39-8 

1799   5.9* 

1826 

17-4 

1851 

61 -9* 

1748 

500? 

1774 

47-6? 

1800  lO-l* 

1826 

29-4* 

1852 

622* 

1749 

63-8* 

1775 

27-6 

1801  221  ? 

1802  27-4? 

1827 

39-9» 

1853 

37-7* 

1750 

68-2* 

1776 

352 

1828 

62-6 

1864 

19-2* 

1761 

40-9* 

1777 

630 

1803  35-7  ? 

1829 

53-5* 

1856 

6-9* 

1762 

33-2* 

1778 

94-8 

1804  600? 

1830 

691* 

1856 

4-2* 

1763 

231 

1779 

90  2 

1806  35-7? 

1831 

38-8* 

1867 

216* 

1764 

13-8* 

1780 

72-6 

1806  21-4? 

,1832 

225* 

1858 

60-9* 

1756 

60* 

1781 

67-7 

1807   71  ? 

1833 

7-5* 

1869 

96-4* 

1766 

8-8* 

1782 

33-2 

1808   2  2 

1834 

11  ^^ 

1860 

98*6* 

1757 

30-4* 

1783 

22-6 

1809   0-8 

1836 

46.6» 

1861 

77-4* 

1768 

38-3 

1784 

4-4 

1810   0-0* 

1836 

96-7* 

1862 

69-4* 

1759 

48-6 

1785 

18-3 

1811   0-9* 

1837 

1110» 

1863 

44-4* 

1760 

48-9* 

1786 

60-8* 

1812  ■  6-4* 

1838 

«2-6» 

1864 

47  1* 

1761 

750* 

1787 

928* 

1813  13-7* 

1839 

68-5» 

1865 

32-6* 

1762 

60-6* 

1788 

90-6* 

1814  20-0 

1840 

61-8* 

1866 

17-5* 

1763 

37-4* 

1789 

85-4 

1816  350 

1841 

29-7* 

1867 

80* 

1764 

84-5* 

1790 

75-2 

1816!  46-5* 

1842 

19-5* 

1868  40-2*1 

1765 

230* 

1791  46.1  1 

18171  43-5* 

1843 

8  6*  1 18691  84-1* 

The  curve  line  at  the  bottom  of  the  accompanving  Plate, 

shows  the  fluctuations  in  this  series  of  numbers,  and  e^ibits  a 

succession  of  maxima  and  minima  which  occur  at  the  following 

dates: 

Maxima.  Minima, 


Tear. 

1750 
1761 
1769 
1778 
1787 
1794 


InterraL 


I 

years. 

8 

ti 

9 

(( 

9 

i( 

7 

*( 

Tear. 

1804 

1816-6 

1830 

1837 

1848 

1860 


Interval. 
10    years. 
12-6 
13-6 
7 

11 
12 


t( 


it 
It 


»i 


i( 


Tear. 

1744 

1755-6 

1766 

1775 

1784 

1793 

1798-6 


Interral. 


11 -6  years. 

10-5 

9 

9 

9 

6-5 

Tear. 

1810 
1823 
1833 
1843 
1866 
1867 


Il- 
ia 
10 
10 
13 
11 


iBtrrraL 

I  yean. 

u 


it 


it 
it 


The  maxima  occur  at  intervals  which  vary  from  7  to  18*5 
years,  the  average  interval  being  exactly  ten  years.  The  min- 
ima occur  at  intervals  which  vary  from  5 '5  to  18  years,  the  aver- 
age interval  being  10^  years.  Dr.  Wolf  overlooks  the  maxi- 
mum of  1794  and  counts  but  one  period  from  1787  to  180i 
This  interval  amounts  to  17  years,  wnich  is  the  same  as  the  in- 
terval from  the  maximum  of  1761  to  that  of  1778  (including 
two  periods) ;  and  the  interval  from  the  maximum  of  1830  to 
that  of  1848  (including  also  two  periods)  is  only  18  years.  I 
think,  therefore,  we  should  count  1794  as  a  year  of  maximum, 
equal  in  amount  to  the  following  maxima  of  1804  and  1816, 
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almost  blended  with  the  preceding  maximum  of  1787,  in 
sequence  of  an  unusual  prevalence  of  spots  during  the  in- 
lediate  interval  From  1750  to  1860,  Dr.  Wolf  reckons  only 
)eriods,  which  would  make  the  average  length  of  one  period 
rears ;  but  if  we  reckon  11  periods  (as  I  think  we  ought)  we 
1  find  the  average  length  oi  one  period  to  be  10  years. 
:'  now  we  attempt  to  explain  the  fluctuations  in  the  sun's 
ace  by  ascribing  them  to  the  influence  of  the  planets,  we 
that  the  planet  whose  period  approaches  nearest  to  the  pe- 
of  10  or  11  years,  is  Jupiter,  whose  time  of  revolution  is 
6  years,  which  is  nine  months  greater  than  Wolfs  period, 
almost  two  years  greater  than  the  period  above  found.  But 
interval  between  two  successive  heliocentric  conjunctions  of 
iter  and  Saturn  is  19 '86  years.  Once,  therefore,  in  9*93 
■s,  Jupiter  and  Saturn  are  either  in  conjunction  or  opposi- 
;  ana  if  we  suppose  that  the  action  of  these  planets  upon  the 
has  some  analogy  to  that  of  the  moon  upon  the  earth  in 
ng  a  tide,  then  we  shall  have  a  cause  whose  period  corres- 
is  quite  accurately  with  the  mean  period  of  the  maxima  of 
solar  spots.  It  remains,  however,  to  assign  a  cause  why 
e  periods  are  alternately  increased  and  diminished  by  8  or 
jars,  and  why  the  successive  maxima  are  so  variable  in 
'Unt  This  cause  may,  perhaps,  be  found  in  part  in  the  po- 
•n  of  Jupiter  and  Saturn  in  their  orbits  at  the  time  of  con- 
jtion  and  opposition ;  but  to  render  the  explanation  com- 
e  we  seem  obliged  to  admit  that  the  magnetic  condition  of 
sun  has  undergone  a  decided  change  within  the  past  centu- 
for  whether  we  compare  the  times  of  maximum  and  mini- 
n  of  the  solar  spots  with  the  heliocentric  longitudes  of  Ju- 
r  and  Saturn,  or  with  their  conjunctions  and  oppositions,  we 
large  diflferences  in  the  apparent  influence  of  these  planets 
uccessive  revolutions,  and  these  differences  go  on  steadily 
easing  for  several  revolutions  of  Jupiter ;  in  other  words  the 
3n  of  Jupiter  and  Saturn  does  not  appear  to  be  always  the 
e  in  the  same  part  of  their  orbits,  nor  does  the  maximum  of 
spots  always  occur  at  the  same  interval  jfrom  conjunction  or 
osition  of  the  planets. 

liat  the  mean  period  of  the  solar  spots  is  determined  main- 
ly the  conjunctions  and  oppositions  of  Jupiter  and  Saturn, 
mdered  probable  by  a  similar  action  of  Venus  and  the  eartL 
t  observations  of  Mr.  Carrington  from  1854  to  1860,  have 
1  carefully  reduced  by  Messrs.  De  La  Eue  and  Stewart  (Re- 
ches  on  Solar  Physics,  second  series,  1866)  so  as  to  show 
actual  area  of  the  sun's  spotted  surface  for  each  dav  of  ob- 
ation  for  seven  years.  In  order  to  eliminate  the  effect  pro- 
ed  upon  the  amount  of  spotted  surface  by  the  ten  yearly 
od,  Messrs.  D.  and  S.  have  taken  the  difference  between  the 
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actn&l  amount  of  spotte<l  surfiice  for  each  month,  and  ibe 
amouDt  indicated  by  the  normal  ten  yearly  corre.  These  dif- 
ferences are  mainly  the  effect  of  causes  whose  period  is  leaa  iian 
10  years.  If  now  we  arrange  these  numbers  in  appropriate  cot- 
amns  regulated  by  the  times  of  conjunction  of  Venus  and  the 
earth,  and  take  the  averages  of  the  different  columns,  we  shall 
find  that  the  results  follow  (in  the  main)  an  obvious  law,  is 
will  be  seen  in  the  following  table,  showing  the 
Spotted  aafaa  of  the  mtn  depcadnt  afwn  Oi*  oonraietioiii  af  Vema  and  tU  EarA. 

18WFeb.2S.  Inf-conj.  ^     .Ji™ih.B.^            ,     ,  ™,c  ■      .     .      >     .      . 

"    Deftl2-Sup.oonj.  '            -198  -  34  -  «|+  10 -147 

1855  Sept.  30.  iDf.  conj.  _  gg  ^     5_  73  +311  _  75+3691  +  114        " 

1956  July  2U.  Sup.  C(mj._  63  „  jg  -   SO-   38-   36+    35'-      ! 

1857  May    9.  Inf.  conJ.  0  t    15           0+9+20  +138-   301-   „ 

1858  Feb.  28.  Sup.  coijj.  _     ;_  30 -165  4^   16+240-  83+   20,-180 
'■     Dee.I3.   Inf.cODJ.^.  15  -m  _    90  4. 419  +    62  +494: -364'— 114  -  ., 

1859Sep.  27   ftiip-conj.  _ig,   _  183  +443  +488  +  285  +960 -J36i-    M -SIS 

1860  July  18.  Inf.  (MUj.  _|,5  _460 +625  +640+900  +760 +'l3s'-30W-S« 

-305  -900-500 -180  +720+235  -Uel—  SSI+IW 

Mean ' 1 

-   8T  -m^+   24+163+231  +317—1021-1081-141 

The  cur\-e  of  the  accompanying 
figure  represents    these    average  * 
results,  and  shows  that  the  prin- 
cipal part  of  these  differences  may  "* 
be  represented  by  a  simple  cur\'e  ^. 
whose  period  is  9"7  montns :  being 
the  period  between  the  successive 
conjunctions  of  Venus  and  the  sun, 
or  the   heliocentric   coojuuctious  - 
and  opjx)sitions  of  Venus  and  the  . 
earth. 

The  preceding  facts  are  thought  to  warrant  the  fcdlowing 
propositions : 

1.  The  mean  internal  between  the  successive  muTinm  of  the 
solar  S|)Ots  is  almost  exactly  ten  years, 

2.  The  value  of  the  maximum  of  the  solar  spots  is  variable, 
there  being  generallv  two  or  three  successive  maxima  of  unii- 
aual  magnitude,  followed  by  two  or  three  maximiv  which  are 
amaller  than  the  average  mamiitude. 

8.  The  ten  yearly  period  of  the  solar  spots  is  determined  by  the 
heliocentric  conjunctions  and  oppositions  of  Jupiter  and  Saturn. 

i  The  principal  fluctuations  in  the  amount  of  the  sun's 
spotted  simacc  from  the  normal  ten-yearly  curve,  are  deter- 
mined by  the  hehoceutric  conjunctions  and  oppositions  of  Ve- 
nus and  the  eartK 

5.  The  fluctuations  in  the  period  of  the  solar  spots  from  7  to 
1-8  years,  and  the  great  fluctuations  in  the  amount  of  the  sue- 
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oessive  maxima  cannot  be  explained  simplj  by  the  configura- 
tion of  the  planets,  without  also  admitting  a  secular  change  in 
the  magnetism  of  the  sun  analogous  to  the  secular  change.which 
has  been  observed  in  the  magnetism  of  the  eartL 

Divrnal  inequality  of  the  magnetic  Declination,— la  comparing 
the  diurnal  inequality  of  the  magnetic  Declination  with  the 
amount  of  spotted  surfece  of  the  sun,  I  have  taken  the  obser- 
vations at  Prague  as  the  standard,  because  these  observations 
are  at  least  as  suitable  for  tBis  purpose  as  those  of  anj  other  ob- 
servatory, and  because  they  are  the  observations  which  Profes- 
sor Wolf  has  chiefly  employed  in  his  comparisons.  During  the 
eighteenth  century,  observations  of  the  ma^etic  declination  were 
made  at  Montmorency,  France ;  at  Mannheim,  Baden ;  at  Paris 
and  London.  Those  of  Montmorency  extend  from  1777  to  79, 
and  were  published  in  the  Connaissance  des  temps  for  1780,  etc., 
and  are  copied  in  the  Zurich  Vierteljahrsschrift,  v.  6,  p.  241 ; 
those  of  Mannheim  extend  from  1781  to  1790,  and  were  pub- 
lished in  the  Palatine  Ephemerides,  and  are  copied  in  the  Vier- 
teljahrsschrift, V.  6,  p.  427 ;  those  of  Paris  were  made  by  Cas- 
sini,  and  extend  from  1784  to  '88,  and  are  copied  in  the  V  iertel- 
jahrsschrift,  v.  2,  p.  291 ;  and  those  of  London  extend  from 
1786  to  1805,  were  made  by  Gilpin,  and  were  published  in  the 
London  Philosophical  Transactions  for  1806,  p.  416.  During 
the  present  century,  before  the  commencement  of  the  Prague 
observations,  we  have  Beaufoy*s  observations  at  London  from 
1813  to  *20;  Arago's  observations  at  Paris  from  1821  to  '81  ; 
and  the  Gottingen  observations  fit)m  1884  to  1840. 

In  order  that  all  these  observations  may  be  properly  repre- 
sented by  a  continuous  curve,  a  correction  must  oe  applied,  not 
only  for  difference  of  locality,  but  also  for  a  difference  in  the 
hours  of  observation,  and  for  a  difference  in  the  mode  of  dedu- 
cing from  the  observations  the  mean  diurnal  changa  At 
Prague,  the  mean  diurnal  change  for  the  year  is  obtained  by 
taking  the  difference  between  the  mean  declinations  at  8  a.  M. 
and  2  P.  M.  But  the  greatest  declination  usually  occurs  at  1 
p.  M.,  so  that  the  diurnal  change  appears  greatest  at  those  obser- 
vatories which  select  the  hours  of  8  A.  M.  and  1  p.  M.  Also  the 
critical  hours  vary  somewhat  with  the  season  of  the  year,  so 
that  we  shall  obtain  a  still  greater  value  of  the  diurnal  change 
if  we  combine  the  hours  of  maximum  and  minimum  for  each 
month  separately.  Moreover,  at  Greenwich  it  is  customary, 
in  making  these  determinations,  to  reject  those  observations 
which  were  made  in  times  of  great  magnetic  disturbance  If 
such  observations  are  retained,  their  enect  will  be  to  increase 
considerably  the  amount  of  the  mean  diurnal  changa  It  is  difli- 
cult  to  decide  what  correction  should  be  applied  to  the  different 
series  of  observations  above  enumerated,  in  order  to  reduce 
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thoin  to  the  Prague  standai\i.  Fortunately,  however,  this  cor- 
rtvtiou  stMivoly  at  all  ailtvts  tlie  rime?  of  maximum  and  mini- 
muiiu-  but  simply  remove?  what  would  otherwise  appear  as 
a;u»ma!:e>  in  tlie  amouiu  of  the  diurnal  lluotuation  for  diflferent 
yearsw  T!ie  oorreetioiis  whieh  I  have  actually  applied  are  the 
K^llv^wiuiT : 
Tlie  observation?  a:  Montmorencv  have  been  increased  by 

or.e-nt^eem{i  pan. 

"  Mar:r:Le:ni  diin:iiishe«i  bv  one-fifteenth. 

"  Paris.  17S4-SS.  diminisfied  by  one-fiftli. 

'•  Lor.  ior..  17^f>-lS20.  diminished  bv  one- 


Paris,  lS'21-31.  diminished  by  one-fourtk 
Gv=:::::jre::.  IS^-i-^X  diminished  bv  one- 


v."  "» — ** 


....<...  .. 


T.'.o  t'y.'.o'.vir.T  :-/v.'.e  vr-?svr.:s  a  s'lnir^arv  of  all  these  obser- 
v;-; : i  *  v.s  :      ">♦.  t  y  r:  ^v  1  o  1  / 

T/.-:so  '  scr%\\:i;v.s.  ;;::e7  V-c*:?.^  r»^i•I•?e'i  to  the  Prague 
<v    \"*'   "*   •   ••"'  •-'■«•-•.-     '^.-..-^T--  v"--*,-"^^    ■^.*v^  T^r»''^«^nte«i  bv  the 

:vi '.•/.■:  ^v.rvo  tr..;-:-:  .-  :'..o  :'i:v:i:y;*-7.y:r.|^  Plate.  This  curve 
V-v.>  .v.  o"  vi-:s  T^  <-;::.'■■ '.,."_.r  :•  ::>:■  ^.jrre  ."^f  s-r-lar  spots,  and  in 
j^o".r;/.  :v..\v  V  <K.:-.  :■  •:-  :\-.r\Il-;'.  tk-;:':.  ::.  Tie  iiierences be- 
v-v..-"  '.:.:  rv:  .-r.  ■:>  y?:.  r  :o  1S>4.  niiiT  :-?  su5pecte«l  to  arise 
:v.  :\-.7:  :7  rj.  -jrrT^i '.v.  :*..-:  Vsrr.~:".:::::s  ■::  or.e  or  bi>ih  of  the 
yV- V.  :"-;•;.;.  t^. ';r-:s-:v.:e.:.  S.-.-r  lS>r  :i^  rrr.rrjl  •.v-rresp^ndence 
.:'  :".t   v.v "  .-:r.--:<  is  r;:v..ir'<-.':  iy  :*.  s*^.  Vi:  reiil  rJ^'erences  are 

•ar:^r-^:.r_:  :lir  ::*.l:-^l:ij  i  r»?r«osinons : 
'.    A  i.-.-.n..'.'.  •."-;':•;;/.■.:;.•  ;:  :'..-;  :-.:.-n-rl:  .:->:l:r.it:on.  amount- 
*"'.^   .".T   IV'/.j; ■.■■.-■   T'   ^\ '.'*:".'  s'.x  r.'.'.v/.iT-.'s-.    is  in-irTr-r. .lent  of  the 

-.  V.  :  ;\  -ns  :  :".:  '.:•-:- 1  :~:-r:::l\:y  :i'«.vv  six  minutesas 
;"  >«  '•  .i  ;:  *:'^- m".  . .  *.s  .".."•.  s:  -:x." ::."  '?;•■•■  m  "~?.l : "  :h-:-  amount 

.        •  ■..  «  B.«  ik^  ..*.  m^  ^  .•»».•  ■■^.B,  _.«.l>  «   ^H     ta-a^B.^M  ^     ^  ***  A^   ft  A  ^^* 

:■:      ••  y'i;.-:i    '•     :1s    Is:-.-!  .:\;-:    :   :lr   s--*s  s:irfaoe.  or 

^^  •-.»••■  -"■  W  .         -    ^  «  k     ^^     •     «^  .  k*v«>  M«_«  .     ^.  ..     a-kV  ^^«  _b^    ^^^        ■    ^     ^^m       ^^Y  O 

mT  -•  -  ^  .  -^      ■^-  ^  •     .    •*        -    ^,  —  ■-        •  •      fc**!      '•I     U 

■  ^  ■...•k  «  -k«  --  ....  ■.■■-•  «  _  *    k.  _  .  .    ■         « ^iH    »  «,    ^^  ^^  ■     »■    ta     %    m  A  -    *        "^ 

BTi'f-r"'.*!  T"  A  j.;-^  7  ;1  .1>. '•'.-■::.:-  v  \s  7  ;*.*:ss;i7j  :- Selecting 
OCT  ir.'  *;•  .•."■;■.;.'-:'.>  :.      "'■^^'  -;1:>  "  ■ ;  :.j"r  ~ :'_:'=  r*ri  in  serine 

.     .  -  ......  I 

SIT   i'-i  ":■■■:    ■.••.•-:"^.'.    :*-:"-      "  *l-;s;  *"::--.rf  "^..ii.  ii.   tlr  zii-i'ile 

Lr;nat  .cstrr.-:''- i:  y.'^  Vr •.—.'•>:'    v   Iri"  -1   -.lif  I-ro  iir^ras 
l:  Sass^fi.'V  i-  IS^.S-?*    :1 ::  1-1   i^r:i:^*s  : reervei  at 
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I  Factory  in  1850-1 ;  and  the  131  auroras  observed 
int  Barrow  in   1852-8,    etc,    we   introduce    into    our 

of  numbers  an  anomaly  which  results  simply  from 
mge  of  the  station  of  observation,  and  our  numbers 
t  represent  the  relative  frequency  of  auroras  on  different 
for  any  single  station  or  region  of  the  earth.  All  obser- 
is  then  from  the  polar  regions  which  are  limited  to  occa- 

years,  and  do  not  form  a  continuous  series,  should  be  en- 
^iscarded  in  the  present  comparison.     We  desire  to  know 

Diurnal  inequality  of  the  Magnetic  Declination, 
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1854 
1855 
1866 
1857 
1868 
1859 

9-97 

832 

8-09 

7  09 

6*81 

6  41 

5-98 

6*95 

740 

10-44 

7 '93.11860 

1006 

699 
701' 
6-82i 
G-62 
6-14 
6-15 
7-26 
7-32 
8-48 

1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 

8*46 

7*48 

9-10 

7-33 

8-83 

8-18  ---    -- 

6-72 

8-20 
9-67 

6-47 

9-76 

11  31 

7-27 

i 
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whether  auroral  displays  exhibit  a  periodicity  in  any  given  lo- 
cality or  region,  and  for  this  purpose  we  desire  a  long  series  of 
faithful  observations  at  a  single  station  or  a  limited  number  of 
stations ;  or  if  satisfactory  observations  of  this  kind  cannot  be 
obtained,  then  we  must  employ  observations  £rom  a  limited  re- 
gion of  country  where  the  records  have  been  the  most  complete 
and  continuous. 

The  observations  at  New  Haven  and  Boston  combined 
(Smith.  Report,  1865,  p.  225,)  form  a  tolerably  complete  series 
from  1742  to  1854,  ana  these  numbers  correspond  in  a  remark- 
able manner  with  the  fluctuations  in  the  solar  spots;  but  since 
during  a  considerable  portion  of  this  period  no  systematic 
watch  for  auroras  was  maintained,  it  is  desirable  to  combine 
with  this  series,  observations  made  at  other  localitie&  The  ob- 
servations at  St  Petersburg  (Smith.  Rep.  1865,  p.  227)  are  con- 
tinuous from  1726  to  1811 ;  and  the  observations  at  Berlin  {Rm 
Wochenschrift,  Jan.  1870,  p.  47)  are  continuous  fix>m  1700  to 
1800.  I  have  combined  these  oDservations  with  those  at  New 
Haven  and  Boston,  and  the  correspondence  of  the  resulting  num- 
bers with  the  fluctuations  of  the  solar  spots  is  quite  satis&ctoij. 
Inasmuch,  however,  as  I  have  not  been  able  to  obtain  a  con- 
tinuation of  the  Petersburg  and  Berlin  observations  to  the  present 
time,  I  have  thought  it  best  to  extend  the  area  of  observation,  and 
include  all  published  observations  from  Europe  south  of  thepa^ 
allel  of  55°.  By  this  method  of  comparison  we  eliminate  to  a 
considerable  extent  the  anomalies  introduced  into  the  obser- 
vations of  any  single  station,  by  cloudy  weather  which  conceaU 
many  auroras  from  view ;  ana  we  also  partially  eliminate  the 
anomalies  resulting  from  the  unequal  ailigence  of  the  many 
different  observers  who  must  necessarily  participate  in  a  series  of 
observations  extending  over  more  than  a  century. 

In  the  Vierteljahrsschrift,  vol.  10,  p.  282,  is  given  a  very  com- 

1)lete  catalogue  of  European  auroras  classified  by  parallels  of 
atitude,  and  I  have  used  this  as  my  principal  basis  in  the  sub- 
sequent comparisons.  In  the  table  on  page  168,  column  fiist 
shows  the  year  of  observation ;  column  second  the  number  of 
auroras  recorded  in  Europe  south  of  the  parallel  of  55° ;  column 
third  the  auroras  at  New  Haven  and  Boston  ;  column  fourth  the 
sum  of  the  numbers  in  the  two  preceding  columns.  In  order 
to  eliminate  still  further  the  effects  of  irregular  and  non-periodic 
causes,  I  have  taken  the  averages  of  the  numbers  in  column 
fourth  for  each  successive  period  of  three  years,  and  the  num- 
bers thus  resulting  are  given  in  column  fifth. 

For  a  few  years  preceding  and  following  1787,  column  second 
shows  a  very  remarkable  increase  in  the  number  of  observed 
auroras  sufficient  to  excite  a  suspicion  that  these  numbers  are 
relatively  too  great   The  Palatine  Meteorological  Society,  which 
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Numher  of  A  uroras  observed  on  d^erent  years. 
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<raced  a  large  number  of  zealous  observers,  wad  oi^anized  in 
)  and  continued  to  publisli  an  annual  volume  of  observa- 
till  1 792.  Duiiiig  this  period,  auroras  were  made  a  Bpecial 
iect  for  olisiTViitiuii.  audit  cannot  Im-  ilimbU'd  that  they  were 
■rded  with  in<n-i-  lidflii^  than  for  iini.-t  '.1' tlic  preceding  and 
•wing  years.     I  have  therefore  reduced  the  European  ob- 
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servations  during  this  interval  by  one-hal^  and  have  combined 
this  result  with  the  New  England  observations  in  completing 
the  numbers  in  the  last  two  columna 

The  Boston  observations  published  by  Prof.  Loverinff  in  the 
Memoirs  of  the  American  Academy,  vol.  ix,  p.  101,  and  copied 
in  the  Smithsonian  Report  for  1865,  p.  227,  extend  only  to  1848. 
In  order  to  obtain  a  continuation  of  this  series  to  the  present 
time,  I  have  carefiiUy  consulted  the  Meteorological  Journal  kept 
at  Cambridge  (Mass.)  Observatory,  and  have  obtained  the  fol- 
lowing results  : 

Number  of  Auroras  reorded  each  year  at  (he  Cambridge  Observaiory. 


Year. 

No. 

Tear. 

No. 

Year. 

No 

Year. 

No. 

Year. 

Ka 

1841 

21 

1847 

9 

1853 

27 

1859 

16 

1865 

1 

1842 

11 

1848 

17 

1854 

25 

1860 

12 

1866 

0 

1843 

4 

1849 

4 

1855 

12 

1861 

6 

1867 

20 

1844 

6 

1850 

15 

1856 

8 

1862 

0 

1868 

6 

1845 

7 

1851 

17 

1857 

7 

1863 

1 

1869 

28 

1846 

15 

1852 

44 

1858 

30 

1864 

1 

When  auroras  were  recorded  at  New  Haven  which  were  not 
recorded  at  Cambridge,  I  have  added  them  to  the  preceding  num- 
bers, and  the  result  is  given  in  column  third  of  the  table  on 
page  163.  In  the  years  1860,  I  and  2,  no  record  of  auroras  was 
preserved  at  New  Haven,  and  to  supply  this  omission  I  have 
inserted  for  these  years  the  observations  made  at  Middletown, 
Conn.,  by  Prof  John  Johnston-  The  European  observationj 
published  in  the  Vierteljahrsschrift  close  with  1861.  I  have 
continued  the  table  to  the  present  time  by  means  of  the  obser- 
vations published  each  year  in  Heis  Wochenschrifk,  confining 
myself  to  such  observations  as  were  reported  south  of  lat  56**. 

The  numbers  given  in  column  fifth  nave  been  projected  in  a 
curve  represented  at  the  top  of  the  accompanying  Plate.  This 
curve  shows  an  unmistakable  resemblance  to  the  curve  of  the 
solar  spots,  and  to  that  of  the  magnetic  declination.  To  each 
maximum  of  the  two  latter  curves  there  corresponds  a  max- 
imum of  the  auroral  curve,  not  always  simultaneously,  but  not 
diflering  fi-om  it  more  than  a  single  year  except  in  one  or  two 
instances.  The  following  table  shows  the  departures  of  the 
auroral  maxima  from  the  maxima  of  the  solar  spots. 


Date. 

1750 
1761 
1769 
1778 


Diff. 

— 1  year. 

0     " 

+1     " 
0 


Date. 

1787 

1804 

1816-5 

1830 


Diflf. 

0  year. 

0  " 
+1-6  " 
—I 


i< 


Date. 
1837 
1848 
1860 


Diff. 
-4-3  years. 
— 1 
-1 


M 


The  correspondence  in  the  times  of  minimum  is  still  more 
remarkable  as  is  shown  in  the  following  tabla 


Date. 

1744 

1755-6 

1766 

1776 


Diff. 

+ 1  year. 

+  1-6  '* 
0  " 
0      " 


Date. 

1784 

1798-6 

1810 

1823 


Diff. 

0 

unc'n. 

0 

0 


Date. 
1838 
1843 
1866 
1867 


Diff. 
0 

0 
0 
0 
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"here  are  only  two  instances  in  wliich  there  is  any  discrep- 
Y  in  the  times  of  minima.  In  one  of  them  (1744)  the  obser- 
ons  of  the  solar  spots  are  confessedly  very  uncertain,  and  in 
other  (1755)  the  change  in  the  number  of  observed  auroras 
a  1755  to  1757  was  only  three,  so  that  we  seem  authorized  to 
rt  that  there  is  an  invariable  coincidence  in  the  times  of 
ima  of  the  solar  spots  and  of  auroral  displaya 
lie  range  of  the  maxima  and  minima  of  auroral  displays  is 
siderably  greater  than  that  of  the  solar  spots,  and  the  oDser- 
ons  of  magnetic  declination  seem  to  indicate  a  similar  pecu- 
ty.  There  seems  then  to  be  no  room  for  doubt  that  auro- 
iisplays  exhibit  the  ten  yearly  period  of  solar  spots,  but  the 
je  of  the  changes  on  different  years  is  subject  to  influences 
ch  may  be  independent  of  the  suil 

1  order  to  decide  whether  this  periodicity  is  exhibited  in  the 
ler  latitudes,  I  have  selected  all  those  observations  with 
ch  I  am  acquainted  which  show  more  than  a  hundred  au- 
8  in  a  year.     The  following  is  the  tabla 


-1 
-1 

-9 
-9 


Place. 


Cumberland  HouBe, 
Fort  EDterprise, 
Great  Slave  Lake. 
Bossekop) 
Fort  Confidence, 
-IjMooee  Factory, 
-l!Athaba-<*ca  Lake, 
-3 -Point  Barrow, 


Lat, 
53''  66' 

Long. 
102"  16' 

Numb. 
Anrorai. 

142 

64  28 

113   6 

142 

62  46 

109   1 

106 

69  68 

23  34E 

143 

66  64 

118  49 

122 

51  10 

81   0 

141 

58  43 

111  18 

109 

71  21 

166  15 

131 

Authority. 

Force  (Smith.  Cont),  p.  6. 
Force  (Smith.  Cont),  pi  24-86. 
CapL  Back. 

Voyage  en  Scandinavie. 
Athabasca  obs.  p.  324-350. 
Am.  Jour.  ScL,  f2],  xiy,  166. 
Am.  Jom*.  ScL,  [2 J,  xiv,  166. 
PhD.  Trans.  1867,  p.  497. 

Tiese  places  are  all  situated  within  the  zone  of  greatest  au- 
1  frequency,  Am.  Jour.,  vol.  xxx,  p.  89.  The  observations 
820-1  and  1833-5  were  made  near  the  time  when  the  distur- 
ce  of  the  sun's  surface  was  a  minimum ;  while  those  of 
5-9  were  made  when  the  disturbance  of  the  sun's  surfiwje 
a  maximum ;  and  those  of  1888-9,  and  1850-1  were  made 
in  the  disturbance  was  greater  than  the  averaga  The 
rage  number  of  auroras  recorded  at  the  first  two  dates 
learly  the  same  as  at  the  last  three  dates.  So  £Eur  as 
conclusion  is  warranted  from  so  limited  a  number  of  ob- 
ations,  the  inference  is  that  within  the  zone  of  greatest 
)ral  frequency,  the  number  of  auroras  is  about  the  same  for 
rears,  independent  of  the  disturbed  condition  of  the  sun's 
ace.  It  is  presumed  that  there  must  be  a  periodical  change 
le  brilliancy  of  the  auroral  displays,  but  the  observations  are 
sufficiently  numerous  and  precise  to  justify^  us  in  pronoun- 
;  positively  upon  this  point  As  we  recede  from  the  zone 
;reatest  auroral  fre(juency,  the  influence  of  the  sun  is  shown 
periodical  change  m  the  number  of  auroras ;  and  this  pe- 
icity  in  Europe  appears  to  be  the  most  distinctlv  marked 
*  the  parallel  of  50  latitude ;  and  in  New  England  near  the 
Uel  of  42*"  latitude 
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It  will  be  observed  that  the  change  from  a  maximiim  to  a 
minimum  of  the  solar  spots  is  not  imiform,  and  freauently  the 
inequality  is  so  marked  as  to  assume  the  form  of  a  distinct  sec- 
ondary maximum.  Such  maxima  occurred  in  1774,  1792, 
1794  (if  this  is  not  to  be  regarded  as  a  primary  maximum)  and 
1864 ;  and  in  several  other  cases  the  inequalitjr  in  the  progrea 
from  a  maximum  to  the  succeeding  minimum  is  decided.  The 
mean  daily  range  of  the  magnetic  declination  exhibits  also  sec- 
ondary maxima,  and  generally  the  small  inequalities  in  the 
curve  of  magnetic  declination  bear  some  correspondence  to 
the  small  inequalities  in  the  curve  of  the  solar  spots.  The  au- 
roral curve  shows  still  greater  irregularities,  and  it  is  remarkable 
that  an  irregularity  in  the  auroral  curve  often  has  a  decided 
corresponding  irregularity  in  one  of  the  other  two  curvea 
Thus  both  the  auroral  and  sun-spot  curves  show  a  decided 
maximum  in  1774  ;  also  in  passing  from  the  maximum  of  1778 
to  the  following  minimum  tne  undulations  of  the  three  cnrvcB 
bear  a  marked  resemblance ;  in  the  descent  fix)m  the  maximom 
of  1787,  there  is  a  secondary  maximum  of  the  magnetic  curro 
corresponding  to  that  of  the  solar-spot  curve ,  in  the  descent 
from  the  maximum  of  1848  there  are  corresponding  undu- 
lations of  the  sun-spot  curve  and  the  magnetic  curve,  while 
the  auroral  curve  shows  at  the  same  time  a  well-marked  seC: 
ondary  maximum ;  and  nearlv  the  same  remark  is  applicable 
to  the  descent  from  the  principal  maximum  of  1860. 

The  following  conclusions  are  thought  to  be  warranted  by 
the  preceding  observations. 

1.  Within  the  zone  of  greatest  auroral  fre(juency,  auroras  are 
of  almost  daily  occurrence  in  all  years,  and  it  is  douotfol  whether 
in  this  region  there  is  any  deciaed  periodicity  in  the  number  of 
auroral  displays,  although  there  may  be  periodical  changeB  of 
brilliancy. 

2.  At  places  where  the  average  number  of  auroras  is  about 
20  or  26  annually,  the  ten-yearly  period  of  the  solar  spots  can 
bo  distinctly  traced. 

8.  The  times  of  maximum  and  minimum  of  the  solar  spots 
corre8{)ond  in  a  remarkable  manner  with  the  times  of  maximum 
and  minimum  in  the  frequency  of  auroral  displays  in  the  mid- 
dle latitudea 

4.  The  successive  maxima  of  auroral  displays  are  more  vari- 
able than  those  of  the  solar  spots,  so  that  the  ten-yearly  jpe- 
riod  mi^ht  be  easily  overlooked,  and  it  might  be  iniferred  inat 
the  maxima  only  occurred  at  intervals  of  about  60  yeais. 

6.  The  most  remarkable  irr^ularities  in  the  amoral  cur^e 
in  the  progress  ftom  a  maximum  to  a  mmiTnTiTn^  correspond  to 
Bimilar  though  generally  smaller  inequalities  in  the  curve  of  ao- 
lar  spots  or  of  magnetic  declination. 
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fagnetic  storms  compared  with  the  prevalence  of  solar  spots, 

ince  the  mean  daily  range  of  the  magnetic  needle  is  great- 
on  those  years  in  which  the  sun^s  surface  is  most  disturbed, 
could  not  be  surprised  if  the  range  of  the  magnetic  needle 
old  prove  to  be  the  greatest  on  those  days  on  which  the  so- 
spots  are  most  extensive.  In  order  to  test  this  question,  I 
e  compared  the  extent  of  the  solar  spots  for  6  days  preced- 
and  6  days  following  each  of  the  great  magnetic  disturban- 
at  Greenwich  for  a  period  of  28  years.  In  the  Greenwich 
ervations  for  1862  is  given  an  abstract  of  the  magnetic  ob- 
lations on  177  days  oi  great  magnetic  disturbance  &om  1841 
.857 ;  and  in  the  observations  K)r  1867  are  enumerated  the 
8  of  great  magnetic  disturbance  from  1858  to  1863,  amount- 
in  number  to  45.  These  23  years  furnish  222  days  of  great 
nrbance,  and  I  have  compared  Wolfs  numbers  represent- 
the  extent  of  the  solar  spots  near  the  time  of  these  dates, 
ring  prepared  a  table  with  13  vertical  columns,  I  insert  in 
miadle  column.  Wolfs  relative  nunaber  for  one  of  the  days 
great  magnetic  disturbance,  and  I  also  insert  in  their  appro- 
ite  columns  the  relative  numbers  for  the  6  preceding  and  6 
owing  days.  In  this  manner  I  have  treated  all  the  days  of 
\t  magnetic  disturbance  at  Greenwich,  with  the  exception  of 
36  cases  in  which  very  few  observations  of  the  solar  spots 
e  made,  and  a  few  cases  in  which  there  were  two  or  three 
Bcssive  days  of  great  magnetic  disturbance,  in  which  cases  I 
e  generally  selected  the  day  of  greatest  disturbance  and 
ie  but  one  entry  of  that  period  in  the  tabla  The  cases  of 
nrbance  which  I  have  thus  employed  amount  to  185.  The 
owing  table  (see  pace  168)  exhibits  these  cases  for  ten  years 
n  1848  to  1857,  and  at  the  bottom  of  the  table  are  given  the 
rages  of  these  numbers  for  each  of  the  18  columns ;  and  in 
ther  line  are  given  the  corresponding  averages  for  the  whole 
nber  of  135  cases  of  magnetic  disturbance. 
?he  details  for  the  remaining  74  days  of  observation  are 
itted  in  order  to  avoid  incumbering  the  pages  of  this  Jour- 
The  resulting  averages  for  the  185  cases  are  represented  by 
lower  curve  hne  in  tne  figure,  page  169,  where  the  middle 
deal  line  represents  the  day  of  a  magnetic  storm  at  Green- 
h,  and  the  other  vertical  lines  represent  1,  2,  8,  etc,  days 
re  the  storm,  and  also  1,  2,  8,  eta,  days  after  the  stonn.  The 
Lzontal  lines  indicate  the  amount  of  disturbance  of  the  sun's 
Face  as  measured  by  Wolfs  relative  numbers  extending 
n  45  to  58.  From  this  curve  it  will  be  seen  that  the  dis- 
Dances  of  the  sim's  surface  about  the  time  of  a  magnetic 
m,  bear  an  analogy  to  the  waves  in  our  own  atmosphere 
ut  the  period  of  a  violent  winter  storm.    We  find  a  well- 
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Spotted  surface  of  the  sun  near  the 

Days  before  the  Btorm. 


1848. 


1849. 
1850. 


1861. 


1852. 


1853. 


1854. 


1855. 
1851 


Jan.  28, 
Feb.  21, 
March  17, 
May  18, 
July  11, 
Oct  23, 
Nov.  17, 
Dec.  17, 
Oct.  30, 
Feb.  22, 
March  31, 
May  7, 
June  13, 
Oct  2, 
Jan.  19, 
Feb.  18, 
Sept  4, 
Oct  28, 
Dea  6, 
Dec.  28, 
Jan.  4, 
Jan.  19, 
Feb.  15, 
Feb.  20, 
April  20, 
May  20, 
June  11, 
June  16, 
July  10, 
Nov.  11, 
Jan.  10, 
March  7, 
May  3, 
May  24, 
June  22, 
July  12, 
Sept  1, 
Oct  25, 
Nov.  9, 
Dea  6, 
Dec.  21, 
Jan.  8, 
Jan.  20, 
Feb.  16, 
Feb.  24, 
March  6, 
March  15, 
March  28, 
April  10, 
April  23, 
May  25, 
March  12, 
April  4, 
Oct  18, 
March  13, 
May  7, 
May  10, 
Sept  3, 
Nov.  12, 
Nov.  16, 
Dec.  16, 


116  90 
80  106 
50l  91 
93,  105 
'  150 
20j    79 

129|  141 
58|  44 
58     73 


57 
25 
46 

58 
79 
35 
101 
79 
76 
94 
6 
2 
77 
62 
38 
57 
0 
51 
48 
25 
15 
26 
30 
65 
35 
53 
48 

13 

19 
13 
26 
17 

0 
11 
25 
37 
12 
13 
29 
12 
15 

0 
17 
15 
39 
32 
24 
11 


Ymo  ottl  dMjB  olw.  40*6 
ISmb  oflBd'jm  obi./47 .9 


23 
86 
15 
25 
87 
78 
46 
94 
87 
60 
47 
7 
48 

64 
46 
66 
11 
65 
10 
39 
17 
0 
35 
26 
45 
67 
49 

11 
32 
27 
14 
29 
17 
12 
34 
11 
38 
18 
11 
12 
16 
12 
0 
16 
15 
27 
26 
24 


501 


4 

100 

70 

76 

961  90 
112  160 


133 


136 
133 


80  122 

59  39 

14;  36 

132  133 

45 


27 


57 


46i  108 


38 
63 
81 
30 
117 
60 

144 
34 
36 
56 
30 
65 

105 
29 
15 
11 
47 
67 
48 
33 
50 
25 
12 
20 
10 
15 
35 
11 
12 
45 
13 
49 
24 
11 
38 
17 
0 
0 
16 
25 
27 

24 


44-4  46*5 


54*8 


102 

46 
10 
82 
40 

62 
53 
37 
44 
28 
70 
14 
27 
12 
14 
48 
56 
75 
33 
46 
25 
17 
31 
17 
17 
28 
0 
0 
44 
11 
49 
22 
13 
23 
17 
0 
11 
15 
24 
26 

24 


461 
53-5 


3 

1 

133 

147 

20 

101 

60 

54 

113 

99 

122 

70 

70 

163 

156 

100 

34 

61 

154 

55 

67 

37 

60 

22 

147 

129 

45 

35 

20 

20 

73 

105 

40 

24 

82 

36 

47 

38 

71 

23 

82 

59 

6 

96 

77 

77 

16 

15 

51 

38 

11 

11 

1 

0 

4 

4 

11 

56 

81 

81 

11 

0 

0 

41 

27 

71 

46 

56 

51 

69 

47 

37 

56 

30 

44 

25 

17 

14 

22 

10 

25 

17 

16 

17 

10 

0 

0 

0 

39 

33 

29 

22 

56 

54 

25 

12 

13 

11 

11 

16 

12 

0 

0 

0 

13 

12 

15 

26 

20 

25 

37 

38 

24 

24 

24 

36 

IK.O 

71 

time 

Mac- 

neoo 
Storm 

151 
103 
113 
99 
170 
142 

105 

118 

115 

39 

80 

67 

55 

62 

78 

103 

50 

26 

96 

62 

127 

101 
47 
29 
11 
30 
61 
78 
11 
11 
31 
20 
11 
48 
57 
44 
22 
17 
11 
25 
14 
22 
12 
0 
33 
35 
54 

0 
12 
11 
0 
0 
24 
25 
35 
24 
60 
79 


of  a  magnetic  storm. 

Days  after  the  ■term. 


1 

3 

8 

4 

135 

127 

105 

90 

50 

1U6 

60 

101 

75 

95 

93 

85 

72 

132 

126 

70 

60 

94 

60 

90 

40 

80 

60 

60 

142 

100 

135 

125 

66 

66 

111 

40 

54 

60 

66 

78 

27 

27 

37 

0 

46 

50 

74 

101 

51 

34 

60 

48 

40 

34 

39 

69 

45 

23 

37 

101 

106 

47 

122 

66 

36 

46 

69 

54 

40 

20 

37 

13 

38 

36 

63 

94 

47 

117 

82 

70 

61 

83 

6 

106 

14 

144 

62 

16 

15 

10 

5 

77 

64 

49 

28 

16 

18 

28 

31 

42 

67 

30 

28 

4 

4 

24 

25 

22 

83 

34 

24 

0 

61 

11 

47 

34 

23 

12 

12 

11 

14 

11 

11 

26 

21 

16 

14 

49 

59 

54 

23 

20 

11 

11 

11 

71 

35 

63 

79 

44 

68 

55 

23 

40 

32 

26 

36 

22 

34 

36 

17 

29 

11 

14 

0 

17 

19 

19 

11 

0 

0 

0 

25 

17 

17 

11 

0 

0 

0 

0 

0 

0 

11 

34 

23 

26 

27 

S3 

11 

0 

11 

12 

55 

65 

36 

35 

11 

11 

0 

0 

0 

0 

0 

0 

11 

14 

11 

0 

18 

0 

12 

17 

11 

12 

11 

11 

13 

11 

20 

25 

26 

26 

26 

22 

20 

42 

27 

48 

60 

40 

24 

24 

36 

fO 

38 

68 

50 

83 

68 

54 

68 

4^ 

38*8 

40*0 

36-6 

50 
79 
88 
77 
74 
70 
90 
71 
76 
24 
66 
66 
40 
13 
116 
70 
48 
41 
82 
60 
74 
101 
46 
60 
64 
30 
48 
26 
11 
24] 
22 
22 
29 
11 
49 
34 
26 
26 
38 
13 
17 
0 
0 
12 
46 
33 
12 
14 
0 
0 
11 

13 
13 
22 
63 
89 
88 
46 


i 

101 

78 
68 
60 
88 
54 
ITO 


0 
92 
80 
22 
11 
M 
62 
22 

59 
66 
76 
16 
16 
66 
69 
U 
26 
• 
96 
26 
23 
13 
10 
11 
47 


18 

19 

0 

0 

12 

44 

27 

36 

12 

0 

14 

0 

0 

11 

0 

20 

eo 

68 
68 

46 
42 
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arked  maximiim  od  the  day  of  the  ma^etic  storm ;  a  second 
1  four  days  before  the  8t<Hin,  which  is  also  pretty  dis- 
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xctlj  marked ;  and  a  third  maximum,  more  micertain,  three 
ays  ailer  the  storm.  The  entire  dactuation  within  a  period  of 
wo  days  is  from  46-1  to  57'9,  or  28  per  cent  of  the  smaller 
QAntity,  an  effect  which  is  so  large  and  derived  from  a  com- 
azison  of  so  many  cases  as  to  indicate  a  law  of  nature.  Hence 
'6  seem  authorized  to  conclude 

1.  Great  disturbances  of  the  earth's  magnetism  are  accompa- 
ied  by  unusual  disturbances  of  the  sun's  sur&ce  on  the  very 
ay  of  die  magnetic  storm ;  and  are,  therefore,  due  to  some  in- 
nence  which  emanates  immediately  from  the  sun. 

2.  The  great  disturbance  of  the  sun's  surface  which  accom- 
anies  a  terrestrial  magnetic  storm,  is  generally  heralded  by  a 
mailer  disturbance  three  or  four  days  previous,  succeeded  by  a 
Dmparatiye  calm  which  immediately  precedes  the  magnetic 
torm. 

Auroral  displays  and  Solar  spots  compared. 

Since  the  aven^  disturbance  of  the  sun's  surface  is  greatest 
n  those  years  in  which  auroras  are  moat  prevalent,  we  could 
at  be  surprised  if  the  disturbance  of  the  sun's  surface  should 
■rove  to  be  the  greatest  on  those  days  on  which  auroras  prevail 
a  the  middle  latitudes.  In  order  to  test  this  question,  I  have 
iFOceeded  in  the  same  manner  as  in  the  case  of  magnetic  storms ; 
nd  in  order  to  avoid  the  suspicion  of  having  selected  a  few 
aaes  for  the  purpose  of  confirming  a  preconceived  theory,  I 
lave  taken  the  entire  series  of  observations  made  by  Messrs. 
lerrick  and  Bradley  at  New  Haven,  from  1887  to  1864  These 
'bservations  are  514  in  number,  and  I  have  employed  them  all 
rith  the  following  exceptions : 

Am.  Jofia.  BoL— Shoitd  finm,  Vou  L,  No.  UBi~8xft.,  IBIIL 


170      E,  Loomis  on  Solar  Spots,  Magneltc  Dedinaticm,  etc 


Spotted  surface  of  the  Sun  near  the  time  of  an  Auroral  display. 


Days  before  die  Aurora. 


1850.  Jan.  18, 
Feb.  8, 
Feb.  22, 
March  3, 
March  10, 
March  31, 
April  7, 
May?, 
May  12, 
July  12, 
Aug.  9, 
Sept.  4, 
Sept  10, 
Sept  30, 
Oct  2, 
Oct  27, 
Dec.  26, 

1851.  Feb.  18, 
March  22, 
March  29, 
June  5, 
June  27, 
July  17, 
Sept.  4, 
Sept  7, 
Sept  10, 
Oct  1, 
Oct  20, 
Oct  23, 
Oct.  28, 

1852.  Jan.  19, 
Feb.  16, 
Feb.  20, 
March  7, 
April  10, 
April  15, 
April  22, 
May  17, 
June  5, 
June  11, 
June  16, 
July  6, 
July  10, 
Sept.  6, 
Sept  17, 
Sept  21, 
Sept  29, 
Oct  6, 
Oct  20, 
Nov.  11, 
Dec.  5, 
Dea  13, 

1853.  Feb  14, 
March  14, 
March  27, 
April  6, 
Muy  2, 
June  1, 
June  9, 
July  12, 


6 

79 
15 
58 
56 
45 
57 
27 
25 
22 
0 
77 
54 
107 
46 

46 


5 

62 
14 
73 
78 
94 
23 
27 
86 
80 
12 
71 
13 
86 
50 
25 
_  62 
81  >  66 


79 
31 
62 
36 

108 
45 
35 

102 

103 
40 
48 
20 

101 

6 

48 

77 

5 

61 

113 
34 
41 
4 
57 
0 
74 
51 
49 
29 
11 
54 
36 
69 
48 
55 
43 


34 
45 
26 
69 
16 
35 


iffflAD  of  aOdajaobe.  48*9 
arjBcrdii7flotai/50'3 


78 
46 
38 
81 
96 
36 
46 
40 
66 
38 
51 
51 
94 
7 


36 
77 
114 
53 
26 
97 
66 
11 
49 
65 
37 
38 
0 
44 
26 

10 
38 
29 

14 
53 
35 
26 
54 
28 
46 


49-3 
62-t 


4 

73 
79 
80 
75 
56 
59 
37 
14 
46 
11 
35 
82 
104 


40 
71 
46 
23 
54 
95 
40 
34 
38 
24 
36 
30 
15 
64 
63 
60 

144 

2 
94 
90 
51 

2 
80 
56 
30 
34 
65 
47 
26 
15 
41 

3 

52 

105 

27 

28 
11 

56 

341  58 


0 
23 
19 
48 


8 

27 

54 

122 
69 
65 
39 
0 
86 
50 
24 
47 
81 

106 
25 
45 
40 
60 

108 
47 
40 
74 
34 
34 

102 

103 
45 

20 
54 

40 
77 
62 
44 
113 
79 
38 
38 

44 
28 
51 
70 
34 
11 
24 
2 
26 
63 
11 
40 
35 
36 
U 
68 


47*4 
51-0 


U 
B9 
60 
76 

49-6 
51-2 


t 

74 

87 
154 
93 
61 
67 
24 
60 
74 
46 
42 
126 
98 

45 

40 
73 
57 
27 
27 
49 
66 
40 
66 
69 

61 

136 

82 

6 

77 

16 

1 

117 

77 

47 

46 

5 

1 

4 

61 

11 

35 

11 

33 
37 
76 
81 
33 
33 
54 
22 
56 
49 
14 
10 
44 
69 


1  I  Aurora' 

65  i      20 


DajB  after  the  Aurora. 


75 
55 
71 

168 

37 

0 

22 

101 
12 
65 

105 
86 
45 
35 
58 
27 

105 
64 
35 
49 
64 
45 
24 
35 
70 

64 

101 

36 

96 

15 
39 
113 
62 
49 
36 
72 
0 
4 
65 
56 
38 
0 
57 
34 
42 
87 
81 
43 
27 
44 
23 
G5 
20 
41 
20 
40 
47 


113 

115 

97 

98 

39 

12 

80 

56 

76 

60 

107 

106 

45 

55 

58 
78 
81 
35 
51 
61 
30 
103 
45 
52 
14 
54 
94 
50 
127 
144 
101 
40 
114 
64 
28 
37 
57 
11 
30 
65 
61 
35 
15 
2 
36 
7 
89 
73 
58 
28 

24 
G3 
77 
27 
38 
52 
48 


52-6  62-3  66-8  53*2 


1 

20 

86 

54 

45 

89 

27 

27 

46 

92 

33 

13 

86 

74 

35 

40 

86 

48 

lOl 
62 
53 
44 
41 
33 
66 
69 
76 
14 

136 
63 
54 

106 
62 
10 
73 
90 
34 
16 
11 
66 
30 
24 
70 
34 
61 
24 
48 
26 
37 

109 
61 
42 
26 
68 
23 
50 


31 
27 
69 
71 


3 

16 
86 
60 
94 
65 
27 
11 
50 
50 

110 
59 

104 

118 
55 
34 
15 
35 

105 
88 
54 
37 
71 
52 
35 
70 

47 
101 

40 

16 
5 
56 
79 
53 
13 
11 
56 
28 
25 
11 
24 
4 

54 
3 
26 
128 
11 
43 
14 
63 

47 


72!  27 


26 
15 
80 
36 


471 


8 

83 

22 

56 

66 

69 

37 

74 
11 

105 
47 

106 
78 
40 
39 
27 
39 
47 
64 
28 
31 
41 
66 
45 
52 
79 

109 
94 
82 
20 

16 
77 
67 
77 
51 
60 
29 
44 

4 
22 
56 

0 
38 
57 
44 
26 

3 
146 
47 
29 
28 
43 
36 
58 
34 
21 
28 
62 
63 


4 

B 

37 

20 

30 

78 

76 

65 

61 

78 

70 

0 

24 

30 

31 

101 

66 

52 

34 

110 

77 

13 

12 

98 

86 

58 

76 

34 

39 

59 

40 

68 

14 

122 

lie 

40 

27 

45 

12 

42 

37 

35 

11 

54 

36 

69 

70 

76 

80 

46 

14 

48 

63 

36 

60 

87 

48 

14 

74 

101 

10 

64 

46 

79 

81 

62 

64 

38 

47 

50 

81 

48*6 


28 

1 

4 

33 

61 

2 
2 
41 
37 
27 
40 
34 
27 
24 
60 
64 
45 
49 
16 
19 
40 
79 


5a-i\5a'Tv  «i-^  \>^'%^^vv^^-wv%Ss^-t 


31 

0 

30 

48 

34 

26 

29 

48 

2 

42 

28 

8 


c 

56 

102 

69 

168 

64 

0 

15 

93 

33 

40 

61 

106 

52 

69 

22 

20 

65 

86 

35 

34 

39 

11 

54 

62 

79 

60 

32 

8t 

54 

22 

76 

5 

U 

86 

34 

49 

84 

43 

U 

34 

26 

24 

0 

38 

M 

33 

7 

43 
97 


11  30 

35  33 

lOJ  16 

58j  85 

60|  40 

:;5  34 

401  43 

14  32 


50 
47 
49 


47-6  41*8 


44 

73 

47 

47-6 
M-7 
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1.  Those  cases  in  which  the  observers  were  not  entirely  con- 
fident that  there  was  any  auroral  display. 

2.  Those  cases  in  which  the  corresponding  observations  of 
bhe  solar  spots  were  very  incomplete ;  and 

8.  Those  cases  in  which  auroras  were  observed  on  two  or 
three  successive  days,  when  I  have  generally  selected  the  most 
remarkable  aurora,  and  made  but  one  entry  for  that  period. 

The  number  of  auroras  which  I  have  thus  discussed  is  251. 
[n  order  to  furnish  a  specimen  of  these  numbers,  the  table  on 
page  170  is  given,  in  which  the  arrangement  is  the  same  as  in 
the  table  on  page  168.  At  the  bottom  of  the  table  are  given 
the  averages  of  these  numbers  for  each  of  the  18  columns ;  and 
in  another  line  are  given  the  corresponding  averages  for  the 
whole  number  of  261  auroras. 

These  final  averages  are  represented  by  the  upper  curve  line 
in  the  figure  page  169,  from  which  it  will  be  seen  that  there  is 
a  well-markea  maximum  of  solar  disturbance  corresponding  to 
the  date  of  an  auroral  display.  The  small  fluctuations  during 
the  preceding  and  following  days,  bear  some  resemblance  to  the 
fluctuations  attending  magnetic  storms,  but  they  are  so  small  in 
amount  that  no  importance  is  attached  to  them.  The  entire 
fluctuation  within  6  days  extends  from  50*8  to  60*5,  or  20  per 
cent  of  the  whole  quantity ;  a  number  so  large  and  derived 
firom  so  many  cases  that  it  is  thought  to  indicate  a  law  of  na- 
ture.    Hence  we  conclude  that 

Auroral  displays  in  the  middle  latitudes  of  America  are  gen- 
srally  accompanied  by  an  unusual  disturbance  of  the  sun's  sur- 
lace  on  the  very  day  of  the  aurora,  and  are,  therefore,  subject 
x>  some  influence  which  emanates  immediately  from  the  sun. 

These  conclusions  may  be  modified  by  a  comparison  of  a 
onger  series  of  observations,  and  especially  by  more  accurate 
>bserv'ation8  which  furnish  for  each  day  an  exact  measurement 
>f  the  extent  of  the  sun's  spotted  surfaca  Such  observations 
iiave  been  made  for  several  years  at  the  Kew  observatory,  and 
it  is  hoped  that  when  published  they  will  furnish  the  materials 
for  the  desired  comparison.  The  observations  for  1862  and 
1868  have  already  appeared  in  the  Philosophical  Transactions 
For  1869,  pp.  28-44;  and  it  is  expected  that  the  observations 
For  the  subsequent  years  will  soon  follow. 
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Art.  XVII. — On  a  new  Period  in  Chronology^  called  the  Precemm 
Period;  by  J.  W.  French.     (In  a  letter  to  Uie  Editors.) 

I  PROPOSE  in  the  place  of  the  Julian  Period  in  chronology, 
another  which  I  will  call  the  Precession-Period. 

This  latter  will  be  found  to  have  all  the  advantages  of  the 
other  without  its  defects,  and  beyond  these  comparative  utilities, 
to  have  chronological  uses  of  its  own  which  are  great  and  vari- 
ous, both  for  the  subdivisions  of  history,  and  for  the  vast  cycles 
contemplated  by  scienca 

The  Julian  reriod  in  chronology  consists  of  7,980  Julian 
years,  that  number  being  formed  by  the  continual  multiplica- 
tion of  28, 19  and  16 ;  that  is  to  say,  of  the  cycle  of  the  sun,  the 
cycle  of  the  moon,  and  the  cycle  of  indiction.  The  first  year 
of  the  Christian  Era  is  made  the  4,714th  of  the  Julian  Perioi 
By  such  an  arrangement  we  can  find  for  any  year  its  jolden 
number,  its  number  for  the  solar  cycle,  and  tnat  for  its  Soman 
Indiction.  Also,  we  have  a  fixed  period  reaching  back  in  history 
among  the  local  and  broken  cycles  of  different  peoples  and 
coimtries.  These  certainly  are  great  advantages,  and  nave  se- 
cured for  that  Period  acceptance  and  commendation. 

But  some  of  its  defects  are  these.  1.  It  has  an  artificial  de- 
ment, that  of  the  Eoman  Indiction,  instead  of  having  its  found- 
ation wholly  in  astronomy.  2.  It  is  soon  exhausted,  and  in 
the  past,  it  does  not  reach  far  enough  even  for  the  Septuagint 
Chronology  in  history.  8.  It  furnishes  no  unit  nor  cycle  for 
science. 

The  period  which  I  propose  is  founded  wholly  on  astronomy, 
is  exhaustless  by  being  recurrent,  has  its  initial  point  sufficient- 
ly far  back  for  any  conceivable  historical  purposes,  gives  to  sci- 
ence a  worthy  xmit  for  the  vast  durations  it  contemplates,  and 
with  these  inestimable  advantages,  has  the  two  practical  utilities 
of  the  Julian  Period ; — that  of  giving  the  elements  n^eeded  in 
the  almanac  for  every  year,  and  that  of  extending  into  the  past 
a  long  and  unaltering  standard  for  tima 

I  propose  to  iakcj  as  the  chronological  unit,  the  time  for  (he  preces- 
sion of  the  equinoxes^  25,872  years.  By  a  singular  felicity,  that 
number  can  be  fonned  firom  the  factors  28,  84,  and  11.  Now, 
28  is  the  number  of  the  solar  cycle ;  84  is  a  lunar  cycle  em- 
plojred  formerly  by  the  Jews,  and  having  peculiar  uses  in  esti- 
mating long  series  of  lunationa  The  other  number,  11,  is  a  lu- 
nar cycle  employed  by  the  early  Christians,  the  errors  of  which 
almost  exactly  counteract  those  of  the  cycle  of  84  years.  These 
three  multiplied  together  form  25,872.  A  subordinate  fehcity 
will  at  once  be  seen  by  a  complete  mathematician.  The  num- 
ber 25,872  can  he  divided  and  subdivided  to  the  last,  without  a  re- 
mainder^ by  a  large  number  of  divisors. 
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Making  the  years  Gregorian,  and  calling  tlie  initial  year  of 
the  Christian  Era,  0,  1  place  the  beginning  of  the  Precession  Period 
2i  12,698  B.  a 

Instantly  we  have  by  that  arrangement,  the  advantages  which 
have  brought  the  Julian  Period  into  favor. 

We  can  find  the  solar  cycle,  the  golden  number,  the  Eoman 
Indiction  (correctly  as  we  would  from  the  Julian  Period)  by 
the  following  simple  rules : 

1.  To  express  any  year  before  or  after  Christ  in  the  corres- 
pondent number  in  the  Precession-Period :  For  any  year  before 
Christ,  deduct  from  12,698,  the  figures  of  the  year  B.  C. :  For 
any  year  after  Christ,  add  to  the  same  number  (12,698)  the  fig- 
ores  of  the  year  A.  D. 

Thus  752  B.  C.  (758  hisixyrical  rechming)  is  11,941  P.  P.  The 
present  year  1870  A.  D.  is  1,870-f  12,693=14,568  P.  P.  (We 
use  P.  P.  as  abreviation  for  Precession-Period.) 

2.  To  find  the  Golden  Number,  Solar  Cycle,  and  Eoman  In- 
iiction  for  any  year  before  or  after  Christ :  1.  Turn  the  jrear  by 
the  first  rule  mto  the  correspondent  number  of  Precession  Pe- 
riod :  2.  Divide  that  number  by  19  for  the  golden  number,  by 
28  for  the  solar  cycle,  and  by  15  for  the  Roman  Indiction.  In 
the  three  remainders  you  have  the  answer. 

Thus  the  present  year  1870  A.  D.,  is  14,568  P.  P.  Dividing 
this  latter  number  by  19,  I  find  a  remainder  of  9 ;  by  28,  a  re- 
mainder of  8 ;  and  by  15,  a  remainder  of  18.  Opening  the  Al- 
manac for  this  year,  I  find  the  answer  correct  It  gives  the 
Solden  Number  as  9,  the  Solar  Cycle  as  8,  the  Roman  Indiction 
sts  13. 

The  Precession-Period  has  then  in  this  particular,  equal  util- 
ity with  the  Julian. 

The  other  advantage,  that  of  a  fixed  standard  of  time  ex- 
tending  back  in  past  histoiy,  it  possesses,  and  adds  the  great 
benefit  of  adequate  length  in  both  directions,  to  12,698  B.  C, 
and  on  to  18,179  A.  D. ;  the  whole  forming  one  precession. 
And  this  precession  is  not  like  the  Julian  Period,  an  arbitrary 
straight  line  stretched  over  a  small  portion  of  duration.  It  is 
a  definite  circle  marked  on  the  face  of  the  heavens.  The  pre- 
cession begins  at  12,698  B.  C.  with  the  jpom^  of  the  vernal  equinox 
in  the  Zodiac  near  Spica  Virginis,  a  brilliant  star,  forming  a  good 
point  of  departure.  When  the  whole  circle  of  the  Zodiac  is 
swept,  and  the  first  degree  of  celestial  longitude  is  again  by 
Spica  VirginiSj  the  period  is  completed. 

Surely  it  is  better  to  adopt  such  a  period  for  our  almanacs 
and  histories  than  the  inferior  one  called  the  Julian. 

But  beyond  the  historical  and  chronological  uses  in  the  suh- 
divisions  of  the  Precession-Period,  are  the  advantages  of  that 
period  as  a  unit  for  Astronomy  and  Geology.     We  want  a  unit 
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larger  than  the  year.  A  precession  is  a  good  one.  Instead  of 
cumbering  a  line  of  page  with  bewildering  cyphers  we  can  saj 
40,  100,  or  1,000  precessions.  Thus  40  precessions  (and  forty  is 
a  number  easily  remembered)  would,  by  another  felicity  of  this 
period,  make  a  million  of  years,  with  a  little  over.  We  might 
call  it  a  millionade,  and  give  that  again  multiplications  to  foim 
an  d^e.     An  "  age  "  might  be  400  precessions. 

Should  we  adopt  any  thing  like  this  plan,  we  should  have  the 
same  delightful  surprise  which  we  often  experience,  by  finding 
that  ancient  races  and  nations  have  been  along  the  same  paA- 
way  which  we  imagined  ourselves  to  be  for  the  first  time  break- 
ing and  exploring.  Six  days,  such  as  are  His,  who  in  His  times 
as  in  His  nature,  must  be  what  others  are  not ;  six  immense 

Eeriods  are  reckoned  in  the  Creative  work  not  only  in  Genesis, 
ut  in  Oriental  Eecords.  Take  100  precessions.  Divide  them 
by  that  number,  six  You  have  the  very  periods  recognized  by 
the  Brahmins  of  India,  each  about  480,000  years. 

West  Point,  June  7,  1870. 


Art.  XVIIL —  Upon  the  Atomic   Volumes  of  Solid  (impounds; 
by  Frank  Wigglesworth  Clarke,  S.B. 

In  studying  the  atomic  volumes  of  solid  compounds,  the 
materials  at  my  command  have  been  in  some  respects  quite  co- 

})ious,  and  in  others  quite  limited.  Having  been  unable,  through 
ack  of  opportunity,  to  make  any  new  determinations  of  spe- 
cific gravities,  I  have  been  forcea  to  content  myself  with  the 
data  which  are  scattered  through  the  various  scientific  pubhca- 
tions.  These,  apart  from  the  views  expressed  in  nearly  a  him- 
dred  papers  written  by  various  chemists  upon  atomic  volumes, 
consisted  of  about  1,900  determinations  of  the  specific  gravities 
of  912  difierent  solids  of  definite  constitution,  exclusive  of  al- 
loys. Much  of  this  material  had  to  some  extent  been  already 
worked  over,  although  the  larger  part  of  it  had  never  been  ex- 
amined in  this  direction.  In  some  cases  there  are  data  covering 
a  whole  series  of  compounds,  in  others  only  one  or  two  mem- 
bers of  a  series  have  been  studied,  while  again,  for  many  im- 
portant substances  no  determinations  of  specific  gravity  have 
ever  been  taken.  Again,  for  some  compounds  there  are  many 
determinations  by  different  authorities,  and  these  bodies  can  be 
studied  with  much  certainty ;  while  for  other  compounds  only 
single  observations  of  specific  gravity  have  been  made,  and 
these  often  with  no  pretence  to  rigid  accuracy. 

Here  then  at  the  very  outset  is  a  difficulty.     If  a  substance 
has  a  very  low  specific  gravity,  and  a  very  high  atomic  weight, 
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mute  error  in  the  determination  of  the  first  value  must,  in 
alating  the  atomic  volume,  become  greatly  multiplied ;  so 
a  single  experimental  observation  onlv,  may  often  lead  to 
lly  erroneous  results  for  the  atomic  voluma  Thus,  for  in- 
ce,  with  Melene,  CaoHao,  an  error  of  only  0*04  in  the  specific 
ity  will  alter  the  atomic  volume  about  24*00.  And  it  is  very 
mon  to  find  the  determinations  of  specific  gravity  for  a  single 
pound  difiering  more  than  0*04  And,  as  I  have  already 
id,  many  of  the  specific  gravities  observed  have  never  had 
e  than  approximate  accuracy  claimed  for  them.  Hence,  one 
he  chief  difficulties  in  comparing  atomic  volumes  lies  in  de- 
dg  how  great  variations  can  be  safely  ascribed  to  experimen- 
trror.  For  this  purpose,  instead  of  directly  comparing  the  ac- 
atomic  volumes  with  the  results  of  tiieory,  I  have  preferred 
3mpare  the  specific  gravities  calculated  firom  the  latter  with 
e  really  determined  by  experiment  Even  here  much  care 
eedful,  since  errors  are  more  likely  to  occur  with  some  com- 
nds  than  with  others.  Thus,  there  is  much  more  danger 
rror  in  determining  the  specific  gravity  of  anhydrous  mag- 
c  chlorid,  than  in  taking  that  of  baric  sulphata 
urthermore,  many  different  modes  of  taMng  specific  gravity 
represented  by  the  values  from  which  I  have  to  calculata 
le  compounds  have  been  examined  in  the  form  of  powder, 
others  have  been  cryfetaUized ;  some  have  been  studied  near 
r  melting  point,  and  others  distant  therefrom.  Neverthe- 
in  spite  of  all  these  possibilities  of  error  and  chances  of 
jularity,  certain  curious  series  of  relations  between  atomic 
imes  are  easilv  demonstrated ;  which,  taken  together,  hint 
nffly  at  a  rather  more  general  theory  of  atomic  volumes 
1  has  hitherto  been  enunciated. 

ut,  to  begin  with,  we  need  a  brief  resum^  of  certain  points 
3h  have  been  demonstrated  by  other  observera. 
irst  comes  the  axiomatic  statement  of  Schroder  that  the 
lie  volume  of  a  compound  must  equal  the  sum  of  the  ato- 
volumes  of  its  constituent  parta  This  at  once  suggests 
stions  of  interest  Although  many  compounds,  especially 
Eun  sulphids,  selenids,  and  tellurids,  have  atomic  volumes 
illing  tne  sums  of  those  of  the  free  elements  composing 
0,  many  other  compounds  have  values  lower  than  such  sums, 
eby  indicating  condensation.  And  some  iodids  have  ato- 
volumes  greater  than  the  sums  of  those  of  the  metal  and 
iodine.  So  here  arises  the  question, — ^when  a  compound 
esses  a  greater  or  less  volume  than  the  elements  contained 
do  in  the  free  state,  do  those  elements  condense  or  expand 
:jual  or  in  different  ratios  ?  It  is  really  upon  this  point  that 
study  of  atomic  volumes  hinges ;  so  that,  stripped  of  all 
aphysical  notions  of  atoms  and  spheres  of  heat,  the  subject 
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simply  concerns  the  distribution  of  the  changes  of  volume  un- 
dergone by  the  various  elements  in  uniting  to  form  compound& 

Second.  It  has  been  shown,  most  definitely  by  SchrMer  and 
Kopp,  that,  in  many  cases,  when  from  the  atomic  volumes  of 
certain  series  of  salts,  oxyds,  &a,  we  subtract  the  atomic  volumes 
of  the  respective  metals  contained  in  them,  we  obtain  constant 
remainders  which  may  be  r^arded  as  representing  the  values  of 
the  various  radicals  and  of  oxygen.  Thus,  if  fix>m  the  atomic 
volumes  of  one  class  of  oxyds  we  remove  the  values  of  the  metals, 
we  obtain  the  remainder  2*6.  With  other  oxyds  we  get  5*2,  and 
with  still  others,  10*4.  These  are  provisionally  r^arded  as  the 
atomic  volumes  of  oxygen  in  its  solid  compounds.  These  dif- 
ferent values  for  a  single  element  are  of  course  natural  coDse- 
quences  of  the  feet  that  the  various  compounds  containing  it, 
undergo,  in  their  formation,  different  degrees  of  condensation 
from  the  free  elements  composing  them.  But,  in  assuming  these 
three  numbers  to  be  the  atomic  volumes  of  oxygen,  one  as- 
sumption is  made  which  is  by  no  means  allowable,  viz :  that 
the  metals  entering  into  these  compounds  undei^  no  conden- 
sation themselves,  all  the  change  in  volume  taking  place  in  flie 
oxygen.  But,  some  oxyds  have  atomic  volxmies  lower  dian 
those  of  the  metals  contained  in  them.  And  yet  the  remarka- 
ble multiple  relation  between  the  three  values  quoted  aboye 
cannot  be  due  to  accident  These  jtoints  will  be  referred  to 
again. 

Third,  we  come  to  some  results  which  I  myself  published 
rather  more  than  a  year  ago.*  In  my  last  paper  upon  this  sub- 
ject I  pointed  out  some  curious  multiple  relations  connecting 
the  atomic  volumes  of  similar  solid  elements.  For  the  proofe 
of  these  relations  I  must  refer  to  the  above  mentioned  paper, 
but  the  values  for  the  elements  themselves  I  am  obliged  to  cite 
here  for  further  referenca  I  give  the  values  for  solids  only. 
Li  114,  Na  22-8,  K  45*6,  Eb  57  "0.  These  stand  to  each  other 
as  1 :  2 : 4 : 6.     I  25*6,  Tl  17*2,  Ag  and  Au  10-2. 

Here  arises  an  interesting  question.  The  atomic  volumes  of 
Ag  and  Li  are  quite  near  together.  But  the  specific  gravity  of 
lithium  was  determined  comparatively  near  the  melting  point  of 
that  metal,  while  that  of  silver  was  taken  at  a  temperature 
greatly  removed  from  the  degree  at  which  it  fiisea  Now  meliei 
silver,  according  to  Playfair  and  Joule,  has  the  specific  gravity 
9*206;  and  consequently  an  atomic  volume  of  11*7,  nearly  that 
of  solid  lithium.  May  not  these  two  metals  then,  under  simi- 
lar circumstances,  and  at  strictly  comparable  temperatures,  be 
supposed  to  have  equal  atomic  volumes  ? 

O  2-6,  5-2,  10-4.     S  10-4,    15-6.     Se  104,   15-6.(?)     Te  20* 

This  value  for  S  is  that  of  the  octahedral  variety,  prismatic 

*  This  Journal  for  March  and  May,  1869. 
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Iphur  having  16'8—16'7.  Amorphous  selenium  has  an  ato- 
ic  volume  of  18  "6. 

Sr,  84-8.  Ba,  84-2. 
Ca,  25-8.  Pb,  18-2. 
As  and  P  12*9,  Sb  17-2,  Bi  2 1  -5.     These  stand  as  8 : 4 : 5. 

his  value  for  P  is  that  of  the  so-called  "  metalUc "  variety. 
Dininon  phosphorus  has  an  atomic  value  of  16*9— 17*0,  (per- 
ips  17*2,  like  Sb?)  and  the  ordinary  red  modification  18*9— 
t'5.  Amorphous  arsenic  has  the  value  15*9.  Bo  41.  Van- 
litun  in  my  last  paper  I  calculated  theoretically  from  the  ato- 
ic  volume  of  one  of  its  oxyds,  making  it  equal  to  As  and 
Since  then,  however,  this  idea  has  been  overthrown,  Eos- 
)e  having  determined  the  specific  gravity  of  the  metal  itself 
his,  5*5,  gives  an  atomic  volume  of  94,  which  differs  widely 
om  my  supposititious  value,  and  bears  no  definite  relation 
hich  I  can  see,  to  those  of  As  and  P. 

(graphite),  5-5,  Si  ll'O,  Till-0(?),  Sn  16-5.  These  stand 
as  1:2:2:8.  C  (diamond)  3*4.  Zr  217  (perhaps  22*0,  or 
6*6x4.^ 

r,  Mn,  Fe,  Co,  Ni,  U,*  and  Cu,    6*9  ] 

n,  Pt,  Ir,  Os,  Pd,  Eu,  and  Eh,  9*2  I  These  four  values  stand 
[oandW,  11-5  f     as  3:4:6:6. 

d,  Mg,  and  Hg,  (solid)  13-8 

1  43,t  Al  10-1-10-6,  Th  80-4-30-9,  Ce  167,  In  10-2. 

Before  proceeding  farther,  it  now  becomes  necessary  for  me 
)  allude  briefly  to  some  regularities  in  atomic  volumes  which 
ave  already  been  traced  by  others.  First,  the  alums  have  equal 
^mic  volumea  To  the  evidence  which  has  been  cited  by 
\her  investigators  in  proof  of  this,  may  now  be  added  the  ato- 
dc  volumes  of  rubidium  and  caesium  alums,  whose  specific 
ravities,  taken  by  Eedtenbacher,  show  that  they  follow  the 
^gular  rula  Second,  a  number  of  similar  carbonates,  especial- 
r  those  of  Zn,  Mg,  Fe,  and  Mn,  have  e^ual  atomic  volumes, 
bird,  a  similar  relation  connects  the  vitriols  with  7  aq.  This 
meB  is  especially  important,  since  it  contains  the  sulphates  of 

e,  Ni,  Co,  Mg,  Zn,  and  Cd.  Fourth,  the  oxyds  alliea  to  Gah- 
ite,  with  the  general  formula  MO,  MaOs,  are,  with  one  or  two 
cceptions,  equal  in  atomic  volume.  Fifth,  many  correspond- 
ig  phosphates  and  arsenates  have  equal  values.  Other  series 
ave  been  traced  here  and  there,  but  these  are  perhaps  the  most 
nkmg. 

Now,  in  the  first  place,  we  may  lay  it  down  as  a  general  rule 
lat  when  two  similar  elements  have  equal  atomic  volumes,  the 

^  Possibly  this  mnj  not  belong  in  this  group,  but  itii  equal  atomic  volume  be 
)relr  a  coincidence.    The  values  of  some  of  its  compounds  suggest  this  idea. 
f  Calculated  from  the  lower  atomic  weight  for  GL    In  my  last  paper  I  used  the 
^her. 
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atomic  volumes  of  their  eorresponding  componnds  will  also  be 
equal.  Ot  the  truth  of  this  I  will  cite  a  few  examples,  and 
l.K>iiit  out  some  exceptions.  For  want  of  space  I  cannot  adduce 
all  the  cases  I  have  accumulated,  however,  but  will  merely  at- 
tempt to  illustrate  the  principle,  and  afterwards  bring  the  excep- 
tions under  another  rula 

Barium  and  strotitium.     Sr  Cli.  sp.  gr.  2*8033,  Karsten.     BaCl* 
37C4,  Karsten.     At  vols..  56*5  and  56"2. 

Sri,  4415,  Kxleker.  Bal,  4-917,  FilhoL  At.  vola,  77-8  and 
79-5.  Sr  no,.  8aq..  1396  Filhol,  Ba  HK)„  8  aq.,  1-654, 
Filhol.     Al  vols.,  each  190-2. 

The  sulphates  and  nitrates,  bromids,  carbonates,  and  simple 
hydrates,  ar^  either  doubtfiil  or  exceptions.  In  all  these 
cases  the  compounds  of  Ba  have  the  highest  valuea. 
Iron  'jroup.  Here  examples  are  so  abundant  that  I  will  onlT 
mention  a  few.  MnO  sp.  gr.,  6*3S,  P.  i  J.*  NiO  5'o97,  r. 
iJ.  CoO5-597-5-750,R  iJ.  UO1015,Ebelmen.  CuO 
t>-130,  Boullav.  At  vok,  respectivelv,  13-0,  13-4,  13-0- 
13-4.  13'4  1'^^ 

CrjO/4^5i\  RiJ.  Fe,0,  4-679 -5135.  P.  4  J.  NiO, 
4-S14.  P.  i  J.  CojO,  4S14.  P.  i  J.  Al  vols.,  30-7,  811 
-34-2.  34-4.  34-4.  ML^pickel.  FeS^  FeAs,  6t)-64  Geis- 
dor:?ito.  XiS^  XiAs,  5-6- 6-9.  Cobaltite,  CoSi,  CoAfl> 
•?T>-^-3.     Al  voIsw,  50^-54-3.  4^31-59-2.  52-6-55-8. 

FeS  ovSo.  P,  i  J. :  X:S  5-Hoi),  Rammelsberg :  4-601  Kenn- 
£^^^.  CoSo-4o.  Al  volsw.  17-5. 16*1-19  7. 16-7.  Exceptions, 
M:iS  and  Oi'JS,  ha\-ing  sp.  grs.  3-95.  Dana's  Min..  and  4168, 
Kar?:en:  and  aL  vols..  21-S  and  22-9.  It  is  worth  noting 
ihiit  these  two  sulphids  stanvi  a:  the  ends  of  the  series; 
CrS  and  US.  being  \  i:  thev  exist  k.  wholly  unstudied  in  this 
dirvvtion. 

One  inorv  striking  excei^non  may  be  found  by  comparing 
FeS^  MnS^  ;u:d  Coc?^  whc^se  atomic  volumes  are  very  dis- 
sim*^l;ir. 
/^.^v^rV-  ,rv      2KC:.   PtCI^:    and  2KCL  IrCV     Spi  gi& 
R.Vieker.  Swr^  and  3-546.     Al  volsw.  136^2  and  187-9. 
PiPj  an.i  PtPj  nave  -.ineiyi:vl  values. 
S[':*fiOXr\'..  \  .:•.:  r;/;..\<:r'*.     It  has  b^^n  r roved  by  other  author- 
ities th^:  M.x\  an. I  \V^,\  have  c^uiU  atomic  volumes. 
Car;/.\:V-";  /-  -j?.     C.:0  ^'^o-.'i.  Kir>?ten.     HgO  11-344.  P.  i  J. 
An  vvlsw.  IS  4  an. I  l^-«,\     M*<>  has  an  exceptional  value 
w'nijh  .t:"  S^  s:n,iie»i  in  an.^tner  v.vnneorion. 
Pt.^*t^^^'■^v<  .:/i.f  j:.'-«^.x-.     Cn^P  6 v9.  Hvo^slei  Cti,As  7-62.  Genth. 
Al  vols..  oS-6  and  ;i54v, 

PA  ^367.  Brijscn.     As^O,  4^o  Filhol :  3-7*42.  Kareten. 
Al  volsw.  c^x»  ani  o4I— 61-6. 

*  ytiyihir  lai  JooJe.    Tii*  'j»  :i<  oolr  il^^cvT^:oll  %:'  ^«  son  vidcli  I  shall 
:c  enpuTT.    WV-n  I  r-'«f  ».^  *a;iu*rJ&T  fcr  a  «recclc  envitr.  li  wQl 
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Phospliates  and  arsenates  have  been  compared  by  others, 
Where  their  values  differ,  that  of  the  arsenate  is  the  highest 
Ekxm  and  titanium.     The  acids  of  this  group  will  be  cited  far- 
ther along.     Fayalite,  2FeO  SiOj  4006.     2FeO  TiO,  4-870 
HautefeuiUa    At  vols.,  50*9  and  51*7. 
The  only  defioite  exception  is  found  in  comparing  2KF  SiF4 ; 
gr.  2-6652,  Stolba;  and  2KF  TiF4,   2  080,  Bodeker.     At 
Is.,  82-5  and  116-8. 

These  examples  will  suflBce  for  the  present,  although  I  shall 
ve  occasioD  to  cite  others  to  illustrate  another  point  Upon 
nparing  all  the  material  which  I  have  collected,  I  find  the 
leptions  to  be  quite  rare,  although,  perhaps,  I  have  given 
5in  undue  prominence  here. 

Second,  similar  compounds  of  similar  metals  often  have 
lal  atomic  volumes,  even  when  those  of  the  metals  them- 
ves  are  unequal.  The  corresponding  compounds  of  the  iron, 
ttdnum,  and  cadmium  groups  often  exemplify  this  most 
ikingly.  The  exceptions  to  the  previous  rule  are  probably 
e  to  tnia  Thus,  although  Mg  and  Cd  have  equal  atomic 
lum^,  their  oxyds  show  no  such  equality ;  that  of  the  first 
tal  having  shaded  off  into  approximate  uniformity  with  those 
its  kindred  iron  group. 

Of  the  rule  under  consideration,  however,  the  most  striking 
;e  hitherto  adduced  is  that  of  the  vitriols.  As  I  have  already 
.ted,  the  sulphates  with  7  aq.  of  Fe,  Ni,  Co,  Zn  and  Mg,  have 
oal  atomic  volumes,  while  the  double  salts  of  the  same  class, 
ataining  in  addition  to  the  above  metals  Cu  and  Cd,  follow 
3  same  rula  A  similar  regularity  connects  the  anhydrous 
[phates  of  most  of  these  metals.  But  an  equally  remarkable 
les  is  formed  by  the  chlorids  of  the  same  metals,  which,  of 
;  formula  MCI2,  have,  as  far  as  they  have  been  studied, 
►mic  volumes  which  are  very  nearly  equal  If  we  present 
»e  chloridfi  in  tabular  form,  taking  the  average  of  their  ob- 
ved  atomic  volumes  as  the  real  value,  we  shall  find  that  the 
nations  from  their  average  are  wholly  within  the  limits  of 
perimental  error. 

n,.  Sp.  gr.  2-628,  Filhol.  At.  vol.,  found,  60-2 

Jl,  *  2-660,  Schiff.  '*  **  60-7 

:\t  "  2-937,  P.  &  J.  "  '*  44-2 

31,  *•  3064,     *•  "  "  44-0 

a,  "  2-763,  Bodeker.  "  '*  494 

n,  *•  6-8696.       *•  *•  "  46-7 

CI,  "  2-177,  P.  &J.  •*  "  43-6 

)1,  •'  3-6254,  Bodeker,  ♦»  "  606 

CI,  "  6-4032,  Karsten,  *'  '•  60-1 

Now,  if  we  take  into  account  the  diflBculty  of  obtaining  per- 
tly accurate  determinations  of  sp.gr.  for  some  of  these  sub- 
mces ;  and  also  bear  in  mind  that  for  most  of  them  only  sin- 


'Sp.gr. 

oala,  2-668 

*'     2-726 

.<     2-726 

*'     2-825 

>Mean,  47*6.' 

"     2-857 

*'     6-638 

-*     I -990 

••     3-844 

k 

*-     6-693 
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'rjser\'at:ons  have  been  made,  it  is  clear  that  every  variation 
ZTMa  e jualiry  may  be  ascribed  to  enxjrs  in  experiment  The 
•rTTirrm^  ;li:rerence  in  atomic  volume  is  from  a  minimnmof  48< 
:  i  ri:nxi!:i-im  of  50-7.  It  is  not  rare  for  an  equal  diveigenee 
:-'>:-;ir  Vr?tween  diift^ent  determinations  for  a  single  substance: 
Ajiain.  although  chlorids,  bromids,  and  iodids  nave  unequal 
stimi?  volumes,  those  of  similar  chlorates,  bromates,  and 
V  -!:::'/?  ar*?  e»|ual, — at  least  as  far  as  we  have  any  data. 

NaC'jDj.  ?p.  gr.,  2 -289.  Bodeker.  NaBrO,,  8-839,  and  NalQ^ 
4-277.  Kremers.     At  vols.,  465,  45-2,  and  46-8. 

KC:0^  s:».  ST.,  2-325.  Buignet  KBrO^,  3-271,  and  KIO*  3-979, 
Kremers.     At  vols.,  52-7,  51-1,  and  53-8. 

M>st  similar  compounds  of  silver  and  sodium  have  eqnal 
atomic  volumes.  This  holds  true  of  the  chlorids,  bromids,  and 
i'xiils  (as  will  be  shown  in  another  connection  hereafter),  and 
of  the  sulphates,  chlorates,  nitrates,  and  probably  carb(Huite& 
The  sulpluds  and  oxyds  are  exceptions. 

S»?me  coriijH>unds  of  As,  Sb,  and  Bi,  have  equal  values. 

AsjO^  si\  gr.,  3-695,  Guibourt ;  3-884,  FilhoL  Sp^Os,  5-11, Teneil; 
5-7S,  Boullav.  BijO^,  8-079,  P.  &  J. ;  8-450,  Leroyer  k 
Dumas.  At  vols.,  51*0— 53'6;  50-5 — 57 '1;  and  55-4- 
57  9. 

In  the  carbon  group  compare  certain  oxyda 

SiC\  2-663,  Deville  TiOj  (artificial  anatase)  3 '700,  Hautefeu. 
ille.    SnOj  6-720,  Daubr6e.     At  vols.,  22-5,  22-2,  and  22-8. 

Would  space  permit,  I  might  go  on  multiplying  examples  to. 
an  almost  indefinite  ext<?nt ;  but  my  object  at  present  is  merdy 
to  illustrate  certain  principles.  There  are  other  r^ularitiesyel 
to  bo  notice^.1.  The  first  of  these  is  comparatively  unimportant, 
and  I  will  merely  state  it  as  it  is,  without  adducing  any  evi- 
dence. All  sul{>liates  have  atomic  volumes  which  are  lower  than 
the  Sinn  of  the  metallic  oxyds  and  the  SO,.  That  is,  the  value 
for  MnS04  is  less  than  the  sum  of  those  of  MnO  and  S0>  To 
this  rule  I  have  found  no  exceptions.  Whether  a  similar  rule 
holds  gooii  for  ehromates,  molybdates,  and  tungstates,  I  am  not 
certain  ;  the  materials  at  my  command  being  too  limited  to  set- 
tle the  question. 

Another  regularity  is  more  remarkable.  It  is  noteworthy 
that  certain  oxyds  and  sulphids  have  atomic  volumes  which 
are  lower  than  those  of  the  metals  contained  in  thenL  Now,  in 
a  number  of  cases,  I  find  that  those  atomic  volumes  equal  Aajf 
the  simi  of  those  of  the  metal  and  the  other  element,  provided 
that  S = 15*6,  and  O  receives  its  highest  value,  10-4.  I  give  oxy- 
gen this  value,  for  this  reason.  Many  sulphids  have  atomic 
volumes,  as  I  have  already  stated,  equsd  to  the  sum  of  those  of 
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metal  and  sulphur  in  the  &ee  state;   so  that  it  is  prob- 

that  some  oxyds  follow  the  same  rule.      104  being  the 

est  number  for  oxygen,  renders  it  likely  that  that  is  the 

value  for  this  element  in  those  oxyds  corresponding  to 

above  mentioned  sulphids. 

Wow,  two  sidphids  appear  to  follow  this  rule,  viz:  NajS 

d  KJS,  whose  sp.  gr.,  given  by  Filhol,  are  respectively  2471 

d  2-180.  At  vols.,  81-6  and  51-6.   Now  ?^^?^§±i^=  80-6  ; 

-^ ^ ^=53*4.     If  these  theoretical  atomic  volumes 

true,  then  the  sp.  gr.  of  Na^  will  be  2 '549,  or  0*078  greater 
^tliaii  the  value  found ;  while  that  of  KjS  will  be  2*059,  varying 
<H)71  fix)m  FilhoFs  number.  These  variations  are  wholly  with- 
jn  the  limits  of  error  for  such  compounds. 

But  the  residts  obtained  with  four  oxyds  are  more  striking. 

IfgO.  Sp.gr.  3-200, Karsten.  At  vol  12-6.  ^?^?:tl^= 12-1.  Error  0-4 

"        224.  ?*:?+^*=22-86.    "     0-06 
ii        26-9.  «fl?2>+«<!^==26-8."     O'l 

The  oxyds  of  barium,  sodium,  and  potassium,  do  not  follow 
this  rule. 

One  more  regularity  traced,  and  I  am  dona  If  my  views 
concerning  multiple  relations  are  correct,  and  all  the  values  for 
oxygen  and  sulphur  are  multiples  of  the  lowest,  then  we  must 
esqaect  that  compounds  formed  by  the  union  of  these  elements 
wm  have  atomic  volumes  which  are  also  multiples.  Now,  sul- 
phuric anhydrid,  SOa,  has,  according  to  Buff,  the  sp.  gr.  1*909 
at  25%  and  according  to  Baumgartner  1*975.  Its  atomic  vol- 
umei  then,  is  &om  40*6  to  41  9.  And  41*6  is  precisely  four 
lines  10-41 

The  chlorids,  bromids,  and  iodids  of  the  alkali  metals  and 
dilyer,  seem  to  afford  a  similar  exampla  In  one  of  my  ore- 
Tious  papers  I  showed  that  Kopp's  values  for  CI,  Br,  and  i^  in 
their  hquid  compounds  were  almost  exact  multiples  of  his  num- 
ben  for  H,  6*5  Consequently,  judging  from  analogy,  it  is  likely 
that  these  elements  in  their  solid  compounds  would  follow  a 
siJDiilar  rule.  Kow  the  metals  Li,  Na,  E,  and  Ag,  have 
atomic  volumes  which  do  not  vary  greatly  &om  multiples  of 
61&.  And,  in  accordance  with  what  we  should  expect,  their 
chlorids,  bromids,  and  iodids  have,  atomic  volumes  which  are 
ei^er  exact,  or  so  nearly  exact,  multiples  of  5*5,  that  the  cir 
cumstance  cannot  be  ascribed  to  accident 

I  present  a  tabular  view  of  this  regularity. 


CaO. 

U 

3*161,       " 

ScO. 

(C 

4*611,  FilhoL 

A1,0,. 

u 

3*928,  Ebelmen. 
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LiCL  8p.  gr.  1-998,  Kremere.  At  vol.  found,  21-3.  Calc,  22-0.  Sp.  gr.  ada,l-9n 

NaCl  *  2146,  Buijrnet.  *•  "      27-2      "  275  "  *•  2!«7 

KCl  "  1-946,  Kopp.  ••  *•       38-3      "  386  "  "  1-935 

AgCl  "  6-130,  Herapath.  *•  "       279      "  27-5  »*  "  6-218 

NaBr  "  3-079,  Kremere.  *•  "      334      »  33-0  «*  "  3-ltt 

KBr  "  2-672,  P.  A  J.  "  ••       446      "  440  "  "  2-70* 

AgBr  "  5-8-60.  **  "  32-3-32-4  "  33  0  "  "  6-<»7 

Nal  "  3-460,  Filhol.  •'  "      43-6      '»  44*0  "  ••  3-4W 

KI  "  3-066,  PUhol.  "  "       54-3      "  650  "  "  3-018 

Agl  "  6-360,  Schiff.  "  "      439      "  440  "  "  6-841 

On  comparing  these  numbers,  it  will  at  once  be  noticed,  not 
only  that  the  variations  from  theory  are  remarkably  slight,  but 
also  (which  has  been  previously  stated)  that  the  corresponding 
compounds  of  Na  ana  Ag  have  neariy  equal,  or  equal  atomic 
volumes,  that  the  values  of  potassium  compounds  exceed  those 
of  the  sodium  compounds  by  11*0,  (5*5x2),  that  bromids  exceed 
chlorids  by  5'5,  and  that  iodids  have  atomic  volumes  11*0 
greater  than  bromids.  These  regularities  in  difference  between 
chlorids,  bromids,  and  iodids,  however,  do  not  appear  so  dis- 
tinctly in  other  series  of  them. 

Now,  to  sum  up  the  important  relations  traced  in  this  paper, 
bearing  in  mind  tnat  in  many  cases  exceptions  exist 

First  When  similar  metals  have  equal  atomic  volumes,  thoee 
of  their  similar  compounds  will  also  be  equal. 

Second.  Metals  wnose  atomic  volumes  are  unequal,  but  am- 
ply related  to  one  another,  often  form  similar  compounds  hav- 
ing ecjual  values. 

Third.  Some  compounds  have  atomic  volumes  whicb  stand 
in  very  simple  relations  to  the  sums  of  those  of  the  free  elements 
which  form  them. 

Fourth.  Compounds  formed  by  the  union  of  similar  elements, 
have  atomic  volumes  which  are  multiples  of  the  lowest  for  that 
group. 

And,  fifth,  we  may  add  the  multiple  relations  traced  in  my 
former  papers,  which  not  only  connect  the  atomic  volumes  of 
different  elements,  but  the  various  values  for  each  single  ele- 
ment 

Now,  what  do  thcvse  regularities  mean.  Are  we  justified 
either  in  drawing  any  direct  conclusions  from  them,  or  in  basing 
upon  them  any  general  theory  of  atomic  volumes?  To  this! 
must  answer,  that,  although  no  generalization  is  absolutely 
established  by  them,  it  seems  to  me  that  one  is  decidedly  hinted 
at  May  we  not  say  that  in  all  compounds,  the  atomic  volume 
of  every  element  will  be  either  a  perfect  multiple  of  the  lowest 
value  for  that  element,  or  of  the  lowest  value  in  the  group  to 
which  it  belongs?  Although  this  theory  cannot  be  regards  as 
entirely  proved,  it  certainly  possesses  a  considerable  degree  of 
probability,  and  seems  to  narmonize  well  with  the  r^umrities 
which  I  have  pointed  out     But  why  an  element  shouM  Lave  a 
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:  value  in  one  compound  than  in  another,  remains  to  be 
ated  for,  although  upon  this  point,  perhaps,  Buff's  idea 
tie  different  degrees  of  quantivalence  of  an  element  in  its 
LS  compounds,  cause  the  differences  in  its  atomic  volumes, 
)rove  correct* 

:  at  all  events,  whether  the  theory  which  I  put  forward 
out  true  or  false,  it  may,  perhaps,  Dy  lending  some  system 
t  study  of  atomic  volume,  pave  the  way  for  something  of 
ir  value. 

n,  Uaj  30th,  1870. 


XIX. — Considerations  on  the  apparent  inequalities  of  long 
d  in  the  mean  motion  of  the  Moon  ;  by  SiMON  Newcomb. 

[Read  to  the  National  Academy,  April,  1870.] 

B  problem  of  determining  the  motion  of  the  moon  around 
iTtn  under  the  influence  of  the  combined  attraction  of  the 
nd  planets  has,  more  than  any  other,  called  forth  the  efforts 
ithcmaticians  and  astronomers.  Nearly  every  great  geo- 
•  since  Newton  has  added  something  to  the  simplicity  or 
3curacv  of  the  solution,  and,  in  our  own  day  we  have  seen 
csessftJly  completed  in  its  simplest  form,  in  which  the  earth, 
lOon,  and  the  sun  are  considered  as  material  points,  mov- 
nder  the  influence  of  their  mutual  attractions.  The  satis- 
y  solutions  are  due  to  the  genius  of  Hansen  and  of  De- 
y.  Working  independently  of  each  other,  each  using  a 
>d  of  his  own  invention  more  rigorous  than  had  berore 
applied,  thev  arrived  at  expressions  for  the  longitude  of 
icon  which,  being  compared,  were  found  to  exhibit  an  av- 

discrepancy  of  less  than  a  second  of  arc.   No  doubt  could 
in  of  the  substantial  correctness  of  each. 
e  solutions  here  referred  to  exhibit  only  inequalities  of 

period  in  the  motion  of  the  moon.  But,  it  has  long  been 
n,  from  observation,  that  the  mean  motion  of  the  moon  is 
<5t  to  apparent  changes  of  very  long  period,  and  especially 
ecular  acceleration  by  which  it  has  oeen  gradually  mcreas- 
Tom  century  to  century,  since  the  time  of  the  earliest  re- 
d  observations.  If  we  inauire  into  the  problem  of  these 
lalities  of  long  period,  we  snail  find  it  seemingly  no  nearer 
lal  solution  tnan  it  was  lefl  by  La  Place,  observation 
ig  since  added  more  anomalies  than  theory  has  satisfacto- 
ihown  to  exist 

le  first  inequality  in  the  order  of  discovery  was  the  secular 
eration.  This  was  discovered  about  the  middle  of  the  last 
iiy  by  a  comparison  of  ancient  eclipses  with  modem  ob- 

le  BnfTs  paper  in  the  Annalen  d.  Ghem.  u.  Pliami.,  4th  supplement  toL, 
I.    Or,  Me  Ub  **  Qrundlehren  der  theoreti«dien  Ghemie.'f 
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servationSb  Its  cause  was  first  discovered  hj  La  Place,  who 
showed  that  it  was  due  to  the  effect  of  the  action  of  the  planets 
in  changing  the  eccentricity  of  the  earth's  orbit 

The  results  of  his  computations  agreed  substantially  with  ob- 
servations, and  was  therefore  received  with  entire  confidence  until 
less  than  twenty  years  ago.  The  question  bein^  then  taken  up 
by  Mr.  John  C.  Adams,  this  eminent  mathematician  was  led  to 
the  conclusion  that  La  Place's  result  was  nearly  twice  too  laige. 

The  same  conclusion  was  reached  independently  by  Delaonay, 
and  gave  rise  to  a  remarkable  discussion,  the  history  of  whim 
is  too  familiar  to  be  now  recounted.  It  is  now  conceded  that 
the  value  found  by  Adams  and  Delaunay  is  theoretically  correct 

The  new  result  no  longer  agreeing  with  observation,  the  dif- 
ference is  now  accounted  for  by  an  increase  in  the  length  of  the 
day.  That  this  length  is  increasing  is  also  known  from  theoret- 
ical considerations,  but  the  data  for  its  accurate  determination 
are  wanting.* 

In  the  third  volume  of  the  Mecanique  Celeste  (Seconde  Partie, 
Livre  vii,  Chapitre  v)  La  Place  discusses  an  apparent  inequal- 
ity of  long  period  in  the  motion  of  the  moon.  The  discussion 
is  mainly  empirical  The  existence  of  the  inequality  is  inferred 
from  observations,  these  showing  that  the  mean  motion  of  the 
mdon  during  the  half  century  following  1756  was  less  than  dur- 
ing the  half  century  preceding.  He  then  asstimed  that  the  in- 
equality was  due  to  tne  fact  that  twice  the  mean  motion  of  the 
moon's  node,  plus  the  motion  of  its  perigee,  minus  that  of  the 
sun's  perigee  was  a  very  small  quantity,  less  than  two  d^reeB 
per  annum,  and  determined  the  coefficient  of  the  varying  angle 
solely  from  the  observations.  The  result  was  that  these  might 
be  satisfied  by  supposing  the  inequality  of  mean  longitude 

W=:4r-61  [or  15"-39]  sin  (2  fll>+7rl>— 3?r0) 

If,  in  this  expression,  we  substitute  Hansen's  values  of  the 
elements,  it  becomes 

^;=15"-39  sin  [iW  26'+(l'*  67'-4)  (^-1800)]. 
When  in  1811  Burckhardt  constructed  his  tables  of  the  moon, 

*  The  time  and  place  when  the  diBoordanoe  referred  to  was  first  distindly  attrib- 
uted to  the  tidal  retardation  of  the  earth  having  been  a  subject  of  diaenssioD,  the 
foUowing  extract  from  an  article  on  "  Modem  Theoretical  Astronomy*'  in  the  North 
American  Review  for  October,  1861  (vol  93,  p.  385),  may  not  be  devoid  td  inteiMt 

"  It  seems  to  be  weU  established  that  the  new  theory  is  inconatstent  wi^  the  ob- 
servations of  ancient  eclipses,  and  if  it  should  prove  to  be  correct  we  may  be  driven 
to  the  conclusion,  that  a  portion  of  the  acceleration  proceeds  ih>m  some  other  canee 
thnn  the  attraction  of  gravitation,  or  that  the  length  of  the  day  is  gradually  incres^ 
ing  to  an  extent  which  has  become  perceptible  fbom  the  cause  to  whioh  we  haiv 
already  referred  [the  tidal  retardation,  p.  374].  If,  as  centuries  rc^  by,  the  dij 
should  graduidly  mcrease,  the  moon  would  move  a  little  farther  in  the  ooiurse  of  a 
day  than  if  no  such  increase  should  take  place.  Since,  in  our  calculatkmiR,  we  sup- 
pose the  day  constant,  the  apparent  acceleration  would  be  greater  than  the  resi  ■ 
precisely  the  effect  observed.  The  difference  can  be  entirely  acooonted  fbr  by  Re- 
posing an  inoreaae  of  somethfaig  less  than  one  thousandth  of  a  teooid  par  ceottfj 
in  the  length  of  the  day,  aad  >  oof  rMpcmdittg'  Aialmitloii  in  iSbib  hmarmttrth." 
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omitted  the  sun's  perigee  from  this  argument  by  the  author- 
'  of  La  Place,  himself,  who  now  attributed  the  inequality  to 
liflference  of  compression  between  the  two  hemispheres  of  the 
rth.  The  function  was  ako  changed  from  sin  to  cos  and  the 
efficient  altered.     The  adopted  term  thus  became 

«=-r2"-5  cos  [291°  57'+(2''  0'-46)(^- 1800)1 
=     12"-6  sin  [201**  67'+(2°  0'-45){«-.1800)J 

Succeeding  investigators  have  regarded  the  theoretical  coeffi- 
jnts  of  both  of  these  terms  as  insensible.  It  does  not  seem 
:ely  that  there  is  any  such  difference  between  the  two  terres- 
al  hemispheres  as  could  produce  the  second,  but  I  am  not 
rare  that  the  coefficient  of  the  first  has  ever  been  shown  to  be 
sensible  by  any  published  computation.  This  coefficient  is 
the  ninth  order  and  the  argument  is, 

In  Delaunay's  notation,  8D-2F-Z4-3f; 

In  Hansen's,  w—iw\ 

The  period  is  184  years,  and  the  large  value  of  the  ratio  of 
is  penod  to  that  of  the  moon  itself  might  render  the  coefficient 
Qsibla  Both  Hansen  and  Delaunay  pronounce  it  insensible, 
it  neither  publish  their  computations  of  its  magnitude 
These  terms  have  ceased  to  figure  in  the  theory  of  the  moon 
ice  Hansen  announced  that  the  action  of  Venus  was  capable 
'  producing  inequalities  of  the  kind  in  (juestion.  So  far  as  I 
a  aware,  Hansen  s  first  publication  on  this  subject  is  that  found 
No.  597  of  the  Astronomische  Nachrichten  (B.  25,  S.  325.) 
ere,  in  a  letter  dated  March  12,  he  alludes  to  La  Place's  coeffi- 
ents,  and  says  he  has  not  been  able  to  find  any  sensible  coeffi- 
snt  for  La  Place's  argument  of  long  period.  But  on  examin- 
g  the  action  of  Venus  on  the  moon  ne  found,  considering  only 
e  first  power  of  the  disturbing  force,  the  following  term  in  the 
oon's  mean  longitude : 

91=  16"-01  sin  (^^-.i6^'+18(7"+36'*  20'). 

g'  and  g"  being  the  mean  anomilies  of  the  moon,  the  earth 
id  Venus  respectively.  As  this  expression  still  failed  to  ac- 
nmt  for  the  observed  variations  of  the  moon's  lon^tude  he 
>ntinued  the  approximation  to  the  fourth  power  of  the  dis^ 
rbing  force,  ana  found  that  the  terms  of  the  third  and  fourth 
der  increased  the  coefficient  to  27"4,  the  angle  remaining  un- 
lai^ed,  so  that  the  term  became 

27"-4  sin  (— ^-16^'+18^'+36°  20'), 

at  this  increase  made  the  theory  rather  worse,  and  the  term 
(pending  on  the  argument  of  Airy's  equation  between  the 
rth  and  Venus  was  then  tried  with  the  result — 
61  =  23"-2  sin  (8^"-13^'+315*'  30'). 

he  introduction  of  this  term  seemed  to  reconcile  the  theory 
ith  observation.. 

Ail  Joum.  Sol— Sboohd  Sbriss,  Vol.  L,  Na  140.— Sift.,  ISTQi, 
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Hansen  finally  remarks  that  these  values  of  the  coefficieats 
are  still  subject  to  some  uncertainty  firom  his  not  having  em- 
ployed decimals  enough  in  his  computation, 

III  a  letter  to  the  Astronomer  Eoyal,  published  in  the  MontUj 
Notices  of  the  Royal  Astronomical  Society  for  Nov.  1864,  Han- 
sen gives  a  statement  of  the  elements  employed  in  his  tables  of 
the  moon,  and  refers  to  the  subject  of  these  inequalities  in  the 
following  terms : — 

"The  accurate  determination  of  these  two  inequalities  by 
theory  is  the  most  difficult  matter  which  presents  itself  in  the 
theory  of  the  moon's  motion-  I  have  on  two  occasions  and  by 
different  methods  sought  to  determine  their  values,  but  I  have 
obtained  results  essentially  different  firom  each  other.  lam 
now  again  engaged  with  their  theoretical  determination  by  a 
method  which  1  have  simplified,  and  hope  to  bring  the  opera- 
tion to  a  definitive  close.  I  have  also  applied  to  my  tables 
some  coefficients  which  are  not  free  from  empiricism  but  which 
I  can  justi^  by  the  circumstance  that  they  represent  the  ancient 
as  well  as  tne  modem  observations  with  great  exactness,  and  it 
may  be  expected  that  they  will  represent  the  future  observa- 
tions equally  well." 

Hansen's  lunar  tables  were  published  in  1857. 

The  terms  of  long  period  finally  adopted  are 

•  15"-34  sin  (— ^— leE+lSV+SO"*  12') 

+21-48  sin  (8V-13E+274°  14'), 

V  and  E  representing  the  mean  longitudes  of  Venus  and  the 
earth.     Changing  them  to  mean  anomalies  the  terms  become 

16"-34  sin  (-^-16a'+18^"+33*'  86') 
+21-47  sm  (8^"— 13/+4°  44'). 

It  appears  that  while  the  first  term  has  been  restored  to  what 
was  siibstantially  its  original  value,  when  only  the  fij-st  power 
of  the  disturbing  force  was  included,  the  argument  of  the  second 
term  has  been  changed  by  50°,  the  coefficient  being  but  dight- 
ly  changed. 

In  a  letter  to  the  Astronomer  Royal,  dated  1861,  Feb.  2d, 
found  in  the  Monthly  Notices  for  March,  1861,  Hansen  a^ 
refers  to  this  second  term  with  the  statement  that  its  coefficient 
is  one  of  those  somewhat  empirical  At  the  same  time  he  has 
found  the  coefficient,  by  his  last  theoretical  determination  of  it, 
by  no  means  insensible,  like  Delaunay.  He  adds  that  in  the 
comparison  with  observation  he  has  never  gone  beyond  Brad- 
ley, nevertheless  his  tables  satisfactorily  represent  the  ancient 
oBservations. 

A  well  marked  feature  of  Hansen's  published  works  is  the  co- 
piousness and  perspecuity  with  which  his  theoretical  calcola- 
tions  are  laid  down.  But,  so  fiur  as  I  am  aware  he  has  n6?er 
published  any  computation  of  these  inequalities  except  that 
part  of  the  first  inequality  which  depends  on  the  first  power  of 
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disturbing  force.  This  computation  is  found  in  voL  xvi  of 
Memoirs  of  the  Royal  Astronomical  Society.  In  the  sec- 
l  part  of  his  "  Darlegung  "  we  find  a  general  method  of  treat- 
inequalities  of  long  period,  but — unless  I  have  overlooked 
-no  computation  of  any  particular  inequalitv.  Nor  do  we 
i  any  statements  of  the  •numerical  results  of  Hansen's  various 
aputations  except  those  already  quoted. 
Phe  only  geometer  besides  Hansen  who  has  attacked  the 
blem  of  these  inequalities  is  Delaunay.  His  researches  are 
Dlished  in  fall  in  the  Additions  to  the  Connaissance  des 
nps  for  years  1862  and  1 863.  For  the  first  approximation 
:he  first  inequality  his  result  is 

16"-02  sin  {-/-16r4-18r+36°  20'-2) 

3sult  practically  identical  with  that  of  Hansen.  The  ulterior 
)roximations  change  it  to 

16'"84  sin  {-;— 16^+1  Sr+So*"  16'-6), 

that  they  increase  the  coefficient  instead  of  diminishing  it  as 
BLansen's  theory.     The  difference  is  however  so  small  that 

results  may  be  regarded  as  identical. 
Jut,  in  the  case  of  the  second  inequality  instead  of  reproduc- 

the  result  of  Hansen,  he  finds  a  coefficient  of  only  0"'27,  a 
intity  quite  insignificant  in  the  present  state  of  the  question. 
5  have  thus  an  irreconcilable  difference  on  a  purely  theor^ti- 
question. 

'.  propose  to  inquire  whether  we  have  in  either  theory  an  en- 
ily  satisfectory  agreement  with  observation.     As  a  prelimin- 

step  to  this  inquiry  I  have  prepared  the  following  table  of 

mean  longitude  of  the  moon  from  the  tables  of  Burckhardt 
I  of  Hansen  respectively,  for  a  series  of  equidistant  dates,  the 
jrval  being  8662*5  days,  and  the  epoch  1800  Jan.  0,  Greenwich 
sm  noon.  These  dates  are  marked  by  the  year  near  the 
[inning  of  which  they  falL  Column  t,  gives  Burckhardt^s 
m  longitude  on  the  supposition  of  uniform  motion,  from  the 
a  given  on  the  fifth  page  of  the  introduction  to  his  tablea 
tt  is  given  the  acceleration  of  the  mean  longitude  deduced 
n  Table  XLViii.  The  inequality  of  long  period  is  from  Table 
X  The  sum  of  these  three  quantities  gives  the  corrected 
m  lon^tude. 

lansen  s  mean  longitude  and  secular  acceleration  are  deduced 
the  same  way  from  the  elements  given  on  page  15  of  his 
>fes  de  la  Lane,  His  terms  of  long  period  are  deduced  from 
)les  XLI  and  xlii,  the  constants  being  subtracted  and  the  re- 
jider  reduced  to  arc  by  being  mintiplied  bv  the  factor 
)04703.  The  last  column  of  the  table  gives  the  correction 
Jurckhardt's  mean  longitude  to  reduce  it  to  that  of  Hansen, 
it  this  difference  is  really  the  mean  difference  between  the 
^tudes  of  the  moon  deduced  from  the  two  tables  is  shown 
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by  its  ^reement  with  the  known  difference  at  particular  epochs 
At  the  end  of  the  British  Nautical  Almanac  for  1862  is  found  a 
comparison  of  the  two  tables,  from  which  it  appears  that  Buret 
hardt's  mean  longitude  was  then  greater  than  Hansen's  by  abont 
14'' -2.  The  general  agreement  between  1750  and  1800,  when 
both  tables  agreed  with  observations,  shows  that  the  difference 
of  mean  motion  is  certainly  affected  with  no  sensible  error. 


Year. 

Burckhardt 

HaoBen. 

r 

L. 

Sec. 
Var. 

Long 
Period. 

Corr.  Mean 
Longitude. 

I-, 

Sec. 
Var. 

Long 
Period. 

Mean 

Longltade. 

E4 

1630 

100  19  28-0 

+   4-9 

//       o      /     // 
-   8-0  100  19  24-9 

18  14-4 

ii 
+  38-5 

It 
-21*4 

0      *     II 
100  18  31-5 

40 

347     6  45-4 

+   3-6 

-10-81347     6  38-2 

6  3»i-8 

+  34-1 

—200 

347     6  60-4 

~^H 

60 

233  94     2-7 

+   2-5 

-12-3'233  63  62*9 

52  68-3 

4  30-0 

-17*2 

223  53  11*1 

—SI'S 

60 

120  41  201 

+    1-6 

-12-3 

120  41     9-4 

40  20*3 

+  26-1 

-131 

120  40  33-3 

-m 

70 

7  28  37-4 

+   0-9 

-10-8 

7  28  27-6 

27  42-2 

+  22-6 

-  81 

7  27  66-6  -JMI 

80 

254  15  54-8 

+   0-4 

-  80  264  16  47-2 

16     4-2 

+  19-2 

-  2-3 

264  16  ^X'W^m 

90 

141     3  12-1 

+   0-1 

-  4-2141     3     7-8 

2  26-1 

+  16-1 

+   3-9 

141     2  461  -Mfl 

noo 

27  60  29-5 

+   00 

+   0-2 

27  60  29-7 

49  48*1 

+  13-3 

+  100 

27  60  11-4 -iH 

10 

274  37  46-8 

+   0-1 

+  4-4:274  37  61-3  37  10-0 

+  10-8 

+  16-6 

274  37  36-4 

-HI 

20 

161  26    4-2 

+   0-4 

+   8-3  161  26  12-9 

24  32  0 

+   8-6 

+  20-6 

161  26    1*0 

-Wl 

80 

48  12  21-5 

+   0-9 

+  110;  48  12  33-4 

11  69-9 

+   6-5 

+  24-2 

48  12  24*7 

—  81^ 

40 

294  59  38-9 

+   1-6  4-12-4 

294  59  62-9 

69  16-9 

+  4-8 

+  26-4 

294  69  471 

—  Vi 

60 

181  47  56-2 

+   2-6 

+  12-2 

181  47  10-0 

46  37-9 

+   3-3 

+  26-9 

181  47    8-1  -  M| 

60 

68  34  13-6 

+   3-6  + 10-6 

68  34  27-8 

33  598 

+   2-1 

+  25-7 

68  64  27-6 

-3 

70 

316  21  30-9 

+  4-9  +   7-8 

316  21  43-7 

21  21-8 

+   1*2 

+  22-9 

315  21  46-9 

+  « 

80 

202     8  48-3 

+   6-4 

+  3-9 

202     8  58-6 

8  43-7 

+  0*6 

+  18-6 

202     9    2-7 

+  « 

90 

88  66     6-6 

+   81 

-  0-4 

88  56  13-4 

56     5-7 

+   01 

+  12-8 

88  56  18*6 

+  51 

1800 

335  43  230 

+  10-0 

-  4-7 

336  43  28-4 

43  27*7 

00 

+   6-1 

335  43  33-8 

+  H 

10 

222  30  40-4 

4-12-1 

—  8-3 

222  30  44-2 

30  49*6 

+   01 

-   1-1 

222  30  48*6 

+  « 

20 

109  17  57-8  +14-4 

-11-0 

109  18     1-2 

18  11-6 

+   0-6 

-  8-4 

109  18    3-7 

+  M 

30 

356     6  l5-2|  +  16-9i-12-4 

366     6  19-7 

6  33-5 

+   1-2 

-16-4 

356     5  19-3 

~  N 

40 

242  52  32-6  +19*6 

-12-2 

242  52  39-9 

62  56-6 

+   21 

-21-6 

242  52  36-0 

—  H 

60 

129  39  49-9 

+  22-5 

-10-6 

129  40     1-8 

40  17-6 

+   3-3 

-26-5 

129  39  54*3 

-M 

60 

16  27     7-2 

+  26-6 

-76 

16  27  25-2 

27  394 

+  4-8 

-29-8 

16  27  14*4 

-1« 

70 

263  14  24-6 

+  28-9 

-  3-8 

263  14  49-7 

16     1-4 

+   6-6 

—31*3 

263  14  86*6 

-is-1 

Burckhardt^s  tables  have  been  selected  for  this  compariaon 
because  they  have  been  extensively  compared  with  observations 
made  before  1700.  The  additions  to  the  Connaissance  des  Temps 
for  1824  contain  a  paper  by  Burckhardt  himself  giving  a  com- 
parison of  his  tables  with  observations  of  occultations  made  by 
Flamstead,  Hevelius  and  others,  between  1687  and  1700.  The 
general  result  of  this  comparison  is  that  the  mean  longitude  of 
his  tables  could  hardly  have  been  more  than  a  very  few  seconds 
in  error  in  the  year  1670.  But,  the  preceding  table  shows  tiiat 
for  this  epoch  Hansen*s  mean  longitude  is  80  less  than  Burck* 
hardt's.  Therefore,  unless  we  suppose  Burcldiardt's  investi- 
gation to  be  affected  with  some  Cffregious  systematic  error  we 
must  admit  that  die  mean  longitude  of  Hansen's  tables  for  the 
epoch  1670  is  about  80"  too  small 

Desiring  an  independent  test  of  this  conclusion  I  have  sdect- 
ed  certain  observations  which,  with  the  data  available,  seemed 
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well  fitted  to  answer  this  purpose  and  compared  them  directly 
with  Hansen's  Tables. 
They  are 

1.  Occultation  of  Aldebaran,  1680,  Sept  18,  observed  at 
Greenwich  by  Flamstead. 

2.  Occultation  of  the  same  star  1680,  Nov.  7,  observed  at 
Greenwich  by  Flamstead,  and  at  London  by  Halley. 

3.  Total  eclipse  of  the  sun  1715,  May  3,  observed  at  Lon- 
don, Greenwich  and  Wanstead  by  Halley,  Flamstead  and 
Pound. 

To  compute  the  occultations  of  Aldebaran  the  mean  position 
for  1680*0  was  derived  from  Le  Verrier's  Tables  (Annales  de 
rObservatoire,  Tome  II)  correcting  the  right  ascension  by 
+0*'01,  and  was  as  follows : 

«(1680)  =  4^  11"^  37*-01 
S +16*' 49'  ll"-8 

The  corrections  for  reduction  to  apparent  place  are 

for  Sept.  13,  Aa  =+2»-90  ;     ^d=z+l"'l 

Nov.  7,  Aa  =4-^'18        ^^=+2-4 

The  following  geocentric  positions  of  the  moon  were  derived 
from  Hansen's  Tables. 


Date  (Jnlten  Cal.) 

Sept.  18. 

Not.  7. 

Gr.  Moan  Time, 

)  '8  Longitude, 

"    Latitude, 

"    Parallax, 

h      m      B 
15      0    53 
64**  54'  24"-3 
-4    45   29-8 

0    59   300 

h      m      B 
16    12    63 
65°  3Y'  20"-4 
-4    48   10-6 

0    59   28-8 

h      m      8 

1    50   39 
64°  33'  ll"-6 
-4    39   26*9 

1      1    18-6 

h      m      B 
8    48    15 
65°    9'49"-6 
-4    40   48-0 
1      1    17-8 

From  these  data  we  derive  the  following  times  for  the  im- 
mersion and  emersion  of  Aldebaran  for  the  dates  in  question. 
The  observed  times  have  been  concluded  from  the  observed 
altitudes  and  clock  times  given  by  Flamstead  in  the  Historia 
Odestis^  kindly  furnished  me  by  rrof  Winlock.  They  differ 
but  little  from  the  results  of  Flamstead  himself,  when  the  latter 
are  corrected  for  the  equation  of  time. 


Computed. 

ObBeryed. 

O-O. 

h           m          8 

8 

Sept  13,  Immersion, 

16           2         49 

15           0 

53 

+  116 

Emersion, 

16         10           5 

16           9 

12 

-f  63 

Nov.  7,    Immersion, 

t         61         47 

7         60 

43 

+   64 

Emersion, 

8         48         16 

8         47 

12 

H-  64 

The  great  difference  between  the  results  of  the  two  phases  of 
the  first  occultation  gives  rise  to  a  suspicion  of  error  in  the  ob- 
servations or  the  data  of  reduction.  The  second  observatioii  is 
confirmed  by  that  of  Halley  in  London,  he  having  observed 
the  immersion  at  7**  50""  9",  and  noticed  that  the  star  was  "  new- 
ly emerged  "  at  8**  47™  1*.  His  place  of  observation  was  prob- 
ably twenty -five  or  thirty  seconds  west  of  Greenwich,  and  there- 
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fore  his  observation  agrees  well  with  that  of  FlamsteaA  The 
discordance  between  the  observed  and  computed  times,  of  this 
second  occultation  indicates  a  correction  of  about  +32"  to 
Hansen's  mean  longitude  at  the  epoch  1680,  and  the  first  may 
be  considered  as  confirming  this  correction  in  direction,  ii  not 
in  amount 

For  the  eclipse  of  May  8,  1715  we  have  the  following  com- 
puted and  observed  times.  I  have  assumed  Halley's  station  to 
be  in  latitude  51°  81'  and  longitude  25"  west.  Pound's  is  taken 
in  accordance  with  his  own  statement  to  be  in  latitude  51°  M', 
and  longitude  8"  west  These  agree  pretty  well  with  Flam- 
stead's  statements  that  Wanstead  is  seven  or  eight  miles  N.  by 
E.  from  Greenwich,*  and  that  Crane  Court  is  half  a  minute  of 
time  West  of  Greenwich. 

Halley  at  London, 


First  contact, 
Beginning  of  Totality, 
End  of 
End  of  Eclipse, 


(i 


Computed. 


h 
20 
21 
21 

09 


m 
2 

5 

9 
16 


B 

36 

52 

3 

55 


Obeerved. 


h 
20 

21 

21 

22 


m 


2 

5 

9 

16 


B 

37 

39 

2 

37 


C-O 


I 

—  2 
4-13 

4-18 


Pound  at  Wanstead, 


Computed. 

ObBerved. 

(M) 

h            m          8 

h            m 

• 

1 

Eclipse  first  perceived, 

20           3         18 

20           3 

16 

+  3 

The  total  immersion, 

21           6         38 

21           6 

6 

4-32 

The  emersion, 

21           9         48 

21           9 

26 

4-22 

The  just  end  of  the  eclipse. 

22         17         42 

22         17 

10 

4-32 

The  only  information  I  have  respecting  Flamstead's  observa- 
tions is  contained  in  a  letter  of  his  found  in  Baily's  *  Life  and 
Correspondence  of  Flamstead,  p.  315,  from  which  it  appears  that 
his  times  differ  only  a  few  seconds  from  Halley's,  instead  of 
differing  by  the  half  minute  required  by  the  difference  of  meri- 
dians. An  obvious  slip  of  the  pen,  {later  being  written  instead 
of  earlier)  makes  it  dou  Dtful  in  which  way  the  "  few  seconds " 
are  to  be  counted.  It  can,  however,  be  fairly  inferred  from  Ins 
statement  that  his  observations  diverge  from  the  tabular  times 
as  much  or  more  than  Pound's. 

The  discordance  of  the  results  of  first  'and  last  contact  may 
be  attributed  to  this  cause :  that  with  their  imperfect  telescopes 
the  observers  did  not  begin  to  see  the  moon  until  several  seconds 
after  the  actual  commencement  of  the  eclipse,  and  lost  si^ht  of 
it  a  few  seconds  before  the  actual  end.  The  discordance  m  the 
duration  of  totality  indicates  with  a  high  probability  that  the 
computed  shadow  path  falls  a  few  miles  too  far  north.  In  this 
case  the  mean  of  the  results  for  beginning  and  end  ^f  totality 

*  BaUy's  Flamstead,  p.  316,  p.  328. 
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e  about  right,  and  we  have  for  the  excess  of  computed 

Halley^s  observations,  +  7' 

Pound's,  +  27 

Flamstead's,  +  80  zh 

fer  from  these  results  that  the  correction  to  Hansen's  mean 
ude  at  the  epoch  1715  is  about  +11". 
iparing  the  corrections  thus  found  for  the  epochs  1680  and 
we  find  they  are  substantially  those  required  to  reduce 
!n's  mean  longitude  to  Burckhardt's.  1  conclude,  there- 
liat  no  egregious  systematic  error  has  crept  into  the  re- 
les  by  which  Burckhardt  sought  to  show  that  the  epoch  of 
dies  was  substantially  correct  during  the  latter  halt  of  the 
beenth  century,  and  that  the  difference  between  the  mean 
ude  of  Hansen  and  Burckhardt  during  that  period  repre- 
ipproximately,  at  least,  errors  of  Hansen's  mean  longitude. 
5  observations  of  the  moon  made  at  the  observatories  of 
wich  and  Washington  during  the  last  ten  years,  indicate 
liar  deviation  of  a  remarkable  character.  From  1850  to 
we  find  the  moon  slowly  running  ahead  of  the  tables, 
the  latter  required  a  correction  of  plus  two  seconds  in  lon- 
3  to  make  them  agree  with  observation.  But  this  correc- 
nstead  of  continuing  to  increase  as  all  analogy  would 
led  us  to  anticipate,  suddenly  began  to  diminisn,  so  that 
1862  the  moon  seems  to  have  been  falling  behind  the 
at  the  rate  of  a  second  a  year.  This  is  shown  by  the  fol- 
r  exhibit  of  the  corrections  to  Hansen's  mean  longitude, 
it-ascension,  deduced  from  the  meridian  observations  of 
'()  observatories. 


Year. 

Correction 
Greenwich. 

I  given  by 
Wuhlngton. 

Mean. 

Corr  mean. 

1850 

II 
+  0-3 

-1-3 

II 
00 

II 
■f  I'O 

61 

+  1-6 

+  0-6 

+  1-3 

4- 2-7 

52 

+  0-9 

W   w  w   a* 

+  0-9 

+  2-4 

56 

+  1-0 

w  w   «  w 

4-1-0 

+  1-4 

57 

+  1-5 



+  1-6 

4- 1-4 

58 

-!-20 

+  1-6 

+  1-8 

4-13 

62 

+  2-4 

+  2-4 

+  2-4 

+  0-9 

63 

4-2-2 

+  1-2 

4-1-7 

4-0-5 

64 

+  01 

-10 

-0-4 

-1-2 

65 

-11 

-2-4 

-1-7 

-21 

66 

-2-2 

-2-6 

-2-4 

-2-4 

67 

-3-9 

-41 

-4  0 

-3-6 

68 

-4-4 

-4-5 

-4-5 

-36 

69 



-55 

-6-6 

-4-3 

corrections  here  given  as  those  of  Greenwich  are,  nrevi- 
1859,  derived  from  the  comparison  found  in  'the  Green- 
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wich  observations  for  1869.  From  1868  forward  they  are  deriv- 
ed from  a  paper  by  Mr.  Dunkin  in  the  Monthly  Notices  of  the 
Royal  Astronomical  Society  for  April,  1869.  The  work  of 
only  the  four  principal  obsei'vers  is  therefore  included  in  tbe 
comparison.  The  object  of  this  comparison  being  not  so  much 
to  determine  the  absolute  correction  to  the  epoch  of  the  tables 
as  to  show  the  changes  of  this  correction,  it  is  better  to  reject 
the  results  of  the  observers  whose  labors  were  di8ContinuoTi& 
In  the  case  of  the  Washington  observations,  such  a  selection 
could  not  be  made :  the  results  given  are  therefore  an  indis- 
criminate mean  of  all.  The  systematic  personal  differences  are 
however  found  to  be  very  smalL 

That  these  corrections  are  real  will  not,  I  conceive,  be  dispu- 
ted. To  suppose  them  due  to  errors  of  observation,  would  be 
to  suppose  that  six  or  eight  lone  practiced  observers  divided 
between  the  two  hemispheres,  alT  progressively  changed  their 
habits  of  observing  in  the  same  way,  and  to  nearly  the  same 
amount,  through  a  period  of  seven  or  eight  years. 

A  portion  of  the  observed  discordance  may  arise  from  a  small 
error  in  Hansen^s  value  of  the  coefficient  depending  on  the 
ellipticity  of  the  earth,  which  is  more  than  a  second  greater 
than  the  values  derived  by  previous  investigators,  either  from 
theory  or  observation.  Tlie  last  column  of  the  preceding  table 
shows  what  the  correction  would  be  if  Hansen's  coefficient  were 
V''5  smaller  than  it  is. 

From  all  these  comparisons  it  would  appear  that  the  problem 
of  the  inequalities  of  long  period  in  the  moon's  mean  motion  is 
really  no  nearer  such  a  solution  as  will  agree  with  observation, 
than  when  it  was  left  by  La  Place.  By  a  partially  empirical 
correction,  Hansen  has  succeeded  in  securing  a  very  good  agree- 
ment duiing  the  period  1760-1860,  but,  if  the  results  of  the 
preceding  examination  are  correct,  this  has  been  gained  only  by 
sacrificing  the  aOTcement  for  the  century  previous  to  1750,  and 
for  the  years  following  1860.  This  failure  to  reconcile  theory 
with  observation  must  arise  from  one  of  two  sources.     Either: 

(1)  The  concluded  theory  does  not  correctly  represent  the 
mean  motion  of  the  moon.     Or : — 

(2)  The  rotation  of  the  earth  on  its  axis  is  subject  to  inequal- 
ities of  irregular  character  and  long  period. 

The  first  hjrpothesis  admits  of  two  explanations.  We  may 
suppose  either  that  the  mean  motion  of  the  moon  is  subject  to 
change  from  some  other  cause  than  the  gravitation  of  the 
known  bodies  of  the  solar  system,  or  that  the  effect  of  this  grav- 
itation is  incorrectly  calculated,  and  that  theory  and  observa- 
tion will  be  reconciled  by  a  correct  calculation. 

There  are  difficulties  in  the  way  of  accepting  either  of  these 
explanationa     In  reference  to  the  first  it  may  be  remarked  that 
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lomalies  of  mean  motion  cannot  be  accounted  for  by  a  devia- 
on  fix)m  the  received  law  of  gravitation  inversely  as  the 
juare  of  the  distance,  because  the  anomalies  producea  by  such 
eviation  would  be  regidarly  progressive,  and  would  be  most 
snsible  in  the  secular  motion  of  the  moon^s  perigee.  The  com- 
arison  of  the  theoretical  and  observed  values  oi  this  motion  is, 
erbaps,  the  severest  test  to  which  the  Newtonian  law  has  yet 
•een  subiected.  That  the  anomalies  proceed  from  the  attrac- 
ion  of  unknown  bodies  parsing  through  the  system  seems  ex- 
remely  improbable,  since,  if  they  were  distant,  they  would 
ffect  the  earth  and  planets  more  than  the  moon,  while  the  do- 
er passage  of  bodies  could  scarce)y  escape  detection.  Still, 
his  explanation  does  not  admit  of  being  mathematically  dis- 
)roveA  K  we  attribute  the  deviation  to  the  impact  of  mete- 
ric  matter,  we  must  suppose  the  moon  to  have  encountered 
nch  matter  in  quantities  nearly  incredible. 

These  three  causes  exhaust  those  on  which  we  can  base  the 
irst  explanation,  unless  we  invalidate  the  third  law  of  motion. 
*'or,  by  that  law,  matter  moves  only  by  the  influence  of  other 
aatter.  Other  matter  can  aflFect  the  motion  of  the  moon  only 
>y  impact  and  gravitation.  The  gravitation  of  known  bodies, 
he  gravitation  of  unknown  bodies,  and  the  impact  of  matter  is 
herefore  an  exhaustive  enumeration. 

We  pass  now  to  the  second  explanation  of  the  first  hypothe- 
is,  namely,  errors  or  omissions  in  the  theoretical  computation 
►f  the  effect  of  gravitation.  The  wide  diflFerence  between  the 
jonclusions  of  Hansen  and  Delaunay  suggests  the  possibility 
hat  there  may  be  ineoualities  still  overlooked.  We  have  how- 
iver  the  assurance  of  Hansen  that  there  are  none,  and  we  shall 
ind  it  extremely  difficult  to  introduce  any  periodic  terms  what- 
iver  which  will  represent  the  observed  deviation  of  the  moon 
rom  the  tables  during  the  past  ten  years,  without  discordance 
luring  the  century  previous,  when  the  agreement  of  Hansen's 
ables  with  theory  is  believed  to  be  quite  closa  It  is  however 
lardly  worth  while  to  dwell  upon  this  explanation  until  we 
lave  a  more  rigorous  theory  of  the  inequalities  of  long  period 
)roduced  by  gravitation. 

Considering  that  the  reconciliation  of  theory  and  observa- 
ion  is  not  very  probable,  the  second  hypothesis  may  become 
worthy  of  serious  considemtion.  If  we  accept  it  we  must  ad- 
oit  that  between  the  years  1860  and  1862  the  rotation  of  the 
arth  was  so  accelerated  that  our  reckoning  of  time  is  already 
tight  or  ten  seconds  ahead  of  what  it  would  have  been  had  the 
lay  remained  invariable.  Such  an  acceleration  could  proceed 
►nly  from  a  change  in  the  arrangement  of  the  matter  of  the 
artk  The  possibility  of  this  effect  being  produced  by  changes 
Q  the  quantity  of  ice  accumulated  around  the  poles  nas,  I  Be- 
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lieve,  been  pointed  out  by  geologists.  But  the  effect  of  this 
cause  could  scarcely  be  sensibla  But,  if  we  admit  that  the 
interior  of  the  earth  is  a  fluid,  and  also  admit  that  genend 
changes  in  the  arrangement  of  this  fluid  are  possible,  we  haye 
all  that  is  necessary  to  account  for  considerable  changes  in  the 
rotation  of  the  outer  crust  That  this  fluid,  admitting  its  ex- 
istence, is  not  in  a  state  of  entire  quiescence  is  rendered  probft- 
ble  by  the  phenomena  of  volcanoes  and  earthquakes.  If  we 
suppose  a  large  mass  of  it  to  move  from  the  equatorial  regioDB 
to  a  position  nearer  the  axis,  a  mass  from  the  latter  position 
taking  its  place,  the  following  effects  will  follow : — 

1.  A  diminution  in  the  jugular  velocity  of  the  sur&oe  (rf 
the  fluid,  accompanied  by  a  cori'esponding  increase  in  the  velo- 
city of  the  axial  portion.  The  velocity  of  the  outer  crust  wiD 
then  be  gradually  retarded  by  friction. 

2.  The  gradual  transmission  of  the  increased  rotation  of  the 
central  mass  to  the  surface  by  friction  and  viscosity.  The 
motion  of  the  crust  will  then  be  gradually  accelerated.  The 
velocity  of  rotation  finally  attained  will  be  greater  or  less  than 
the  original  velocity,  according  as  the  radius  of  gyration  of  the 
fluid  mass  is  diminished  or  mcreased  by  the  cliange  in  the 
arrangement  of  the  fluid. 

I  conclude,  from  this  discussion,  that  we  have  reason  to  sus- 
pect that  the  motion  of  rotation  of  the  crust  of  the  earth  is 
subject  to  inequalities  of  an  irregular  character,  which,  in  the 
present  state  of  science,  can  be  detected  only  by  observations  of 
the  moon.  This  suspicion  can  be  neitlier  confirmed  nor  remov- 
ed until  we  have  more  positive  knowledge  than  we  now  have  of 
the  possible  inequalities  which  may  be  produced  in  the  mean 
motion  of  the  moon  by  the  action  of  ^vitation. 

The  operation  of  calculating  these  inequalities,  though  com- 
plicated and  difficult,  is  certainly  within  the  powers  of  analysis. 
When  it  is  completely  and  thoroughly  done,  we  may  ascertain 
whether  the  result  can  be  made  to  represent  observationsL  If 
so,  well ;  the  length  of  the  day  is  not  variable,  and  the  future 
positions  of  the  moon  can  be  safely  predicted.  If  not,  it  wiQ 
follow  either  that  the  motion  of  the  moon  is  affected  by  other 
causes  than  the  gravitation  of  the  known  bodies  of  the  solar 
system,  or  the  day  is  irregularly  variabla 

By  the  end  of  the  present  century,  if  not  sooner,  we  shall 
have  an  independent  test  of  the  latter  hypothesis,  in  the  agree- 
ment of  the  observed  and  theoretical  times  of  the  transits  of 
Mercury  and  Venus.  If  the  hypothesis  is  a  true  one,  the  irreg- 
ularities may  range  over  half  a  minute  of  time  in  the  course  of 
a  century,  and  this  quantity  m^ht  be  detected  even  by  merid- 
ian observations  of  the  planets  in  question. 
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Art.  "^y — Researches  in  Electro- Magnetism  i,  by  Alpbed  M. 

Mayer,  PLD. 

The  refined  experiments  of  Weber,  Tyndall  and  Knoblauch 
having  ftilly  estaolished  the  fact  of  the  reversed  polarity  of  a 
bar  of  bismuth,  when  subjected  to  the  magnetizing  influence 
of  a  helix,  the  attention  of  natural  philosophers  is  naturally 
directed  to  the  necessity  of  subjecting  Ampere's  theory  of  mag- 
netism to  as  severe  deductive  tests  as  can  be  applied.  Thus, 
from  new  experiments  and  lines  of  research  suggested  by  theo- 
retic  deduction,  we  may  hope  for  such  addition  to  our  know- 
ledge as  will  evolve  a  theory  which  will  embrace  both  magnetic 
and  diamagnetic  phenomena,  as  completely  as  Ampere's  oeau- 
tifdl  generalization  contains  the  explanation  of  the  magnetiza- 
tion of  iron. 

Among  other  experiments,  thus  suggested,  was  the  follow- 
ing :  Ascertain  the  relative  forces  of  two  electro-magnetic  cores  ; 
one  composed  of  insulated  wires,  the  other  of  the  same  number 
of  similar  wires  uninsulated. 

Theory  indicates  that  the  insulated  bundle  will  be  found  the 
weaker ;  for,  in  this  case,  we  have  not  only  the  reaction  of  the 
molecular  currents,  but  also,  the  reaction  of  the  infinitely  larger 
currents  flowing  around  each  insulated  wire.  Also,  aamittmg 
the  truth  of  the  molecular  hypothesis,  we  have  in  the  uninsu- 
lated  wire-core  the  interaction  of  exceedingly  small  currents 
separated  by  distances,  great  when  compared  to  their  size ;  while 
in  the  insulated  wire-core  we  have,  in  addition,  very  large  cur- 
rents reacting  at  distances  very  small  when  compared  to  their 
diameters. 

It  was  the  attempt  to  solve  this  problem  which  led  to  the  • 
invention  of  the  experimental  method  described  in  this  paper ; 
for,  it  will  appear  mrther  on,  that  it  could  not  have  been  at- 
tacked by  methods  heretofore  used.  The  satisfactory  solution 
of  this  question  and  the  ascertained  delicacy  and  precision  of 
the  apparatus  encouraged  me  to  make  other  determinations, 
which  1  here  present ;  not  as  a  finished  and  neatly  rounded  piece 
of  work,  but  as  showing  what  may  be  expected  fix>m  a  more 
complete  discussion  of  the  method  used,  and  from  that  perfect 
experimental  control  of  the  apparatus  which  a  more  extended 
experience  will  giva 

In  my  first  experiments  I  adopted  the  plan  of  Miiller  (Pog- 
gendorff 's  Annalen,  Bd.  LXXix  and  lxxxii)  and  tried  the  forces 
of  the  different  cores,  magnetized  in  one  and  the  same  heUx, 
by  their  action  on  a  distant  magnetic  needle ;  keeping  the  cur- 
rent, as  far  as  possible,  of  the  same  intensity  durmg  the  two 
comparisons.  This  method  I  found  could  not  serve  the  purpose 
of  measuring  forces  differing  but  slightly  in  intensity ;  and  the 
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impossibility  of  obtaining  a  current  so  constant  as  not  to  pro- 
duce continual  motion  and  vibration  of  the  needle  caused  me  to 
devise  the  following  method,  which  I  have  found  from  expe- 
rience to  be  both  sensitive  and  precisa 

Apparatus  for  the  comparative  measures  of  elecira-magneiic  forea, 
— ^On  a  table  10  ft  long  was  drawn  a  center  line  and  divided  into 
fractions  of  an  incL  This  line  was  then  accurately  placed  at 
right  angles  to  the  magnetic  meridian.  Two  helices,  which  I 
designate  as  E  and  W,  were  placed  8  ft.  apart  with  their  axes  in 
the  same  vertical  plane  as  the  above  line.  A  surveyor  s  com- 
pass, with  a  sensitive  needle  6*86  in.  long  was  so  arranged  that 
the  point  of  suspension  of  the  needle  could  be  moved  between 
the  nelices  in  the  line  of  their  axes.  The  same  battery  currait 
passed  through  both  helices,  and  in  such  direction  that  the  N. 
pole  of  each  was  facing  the  needle ;  by  reversing  the  current, 
the  S.  poles  could  be  opposed  to  each  other. 

Both  helices  were  composed  of  10  layers  of  "l-  inch  "  extra  cov- 
ered" copper  wire,  wrapped  on  copper  spools  of  8f  inches  long, 
1'82  inches  diam.,  and  having  flanges  at  the  ends  1'25  inches 
higL  These  spools,  with  their  flanges,  were  split  in  the  direc- 
tion of  their  length  by  an  opening  of  yV  inch.  Each  layer  of 
coils  was  saturated  with  a  thict  solution  of  shellac  in  alcohol  and 
covered  with  thick  paper,  coated  with  shellac,  before  the  suc- 
ceeding layer  was  wrapped. 

Helix  E  contains  667*5  feet  of  wire  in  696  turns,  and  on  ac- 
count of  its  better  insulation  and  greater  number  of  turns  is 
superior  in  strength  to  helix  W.     Helix  W  contains  651  feet 

of  wire  in  688  turns. 

1. 
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The  accompanying  diagram  shows  the  arrangement  of  the 
apparatus.   Helix  E  to  the  eaat  oi  the  compass ;  helix  W  to  the 
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west ;  at  C  the  compass ;  and  at  G  the  tangent  galvanometer 
sufficiently  removed  from  E  and  W,  not  to  be  affected  by  the 
monetized  cores.    The  Bunsen  battery  is  shown  at  B. 

Each  end  of  the  compass  needle  is  thus  subjected  to  the 
powerful  action  of  two  opposing  forces  and  a  magnetic  couple  is 
thus  formed  whose  equilibrium,  shown  by  the  needle,  is  readily 
disturbed  by  a  change  in  the  relative  forces  of  the  cores  or  by 
a  change  in  the  distance  of  the  needle  relatively  to  the  two 
helices. 

It  was  found  that  when  the  needle  was  placed  at  such  a  posi- 
tion on  the  line  between  the  helices  that  it  stood  at  0°  when  the 
circuit  was  open  or  closed,  and  a  current  passed  from  12  cells 
of  a  GaiflFe  bichromate  battery,  which  was  rapidly  decreasing 
in  electro-motive  force,  the  needle  remained  at  0°  for  over  20 
minutes  without  change  or  tremble. 

Now  if  we  can  find  the  law  which  shows  the  variation  of  the 
intensity  of  action  of  the  electro-magnet  on  the  needle  with  a 
change  of  its  distance  from  the  magnetized  core,  we  will  have  a 
system  of  measurement  for  the  electro-magnetic  forces  which 
will  exceed  in  accuracy  and  in  delicacy,  though  be  similar  in 
arrangement,  to  the  best  photometric  processes. 

The  advantages  of  this  method,  as  far  as  my  knowledge  of  it 
extends,  is  that  you  can  thus  subject  the  needle  to  two  opposing 
actions  of  great  intensity  and  thus  any  minute  difference  in  the 
causes  which  alter  their  relative  intensities  will,  on  account  of 
the  nearness  of  the  needle  to  the  helices,  give  a  deflection  which 
would  be  inappreciable  in  the  methods  heretofore  used ;  and 
above  all,  the  same  current  traversing  both  helices  will,  even  if 
inconstant  and  fitful,  affect  both  proportionately  and  the  needle, 
as  seen  above,  will  preserve  a  fixed  position  at  0°  under  these 
circumstances. 

The  law  of  variation  of  the  intensity  of  the  force  tcith  a  change  of 
distance. — To  find  the  law  of  variation  of  tne  force  with  the  dis- 
tance from  the  pole  of  the  core  (which  as  is  well  known  exists 
in  the  plane  of  the  end-coils  of  the  helix)  the  following  experi- 
ments were  made. 

A  core  10  in.  long  and  1*64  in.  in  diameter  composed  of  400 
soft  well  annealed  iron  wires,  was  placed  in  helix  E  and  the 
plane  of  the  ends  of  the  wires  facmg  the  needle  were  brought 
mto  the  plane  of  the  end  coils  of  the  helix.  The  center  of  the 
compass  needle  was  placed  at  distances  of  4,  5,  6,  7  and  8  ft 
from  the  end  of  the  core ;  the  needle  brought  to  0*^  at  each  of 
these  positions  by  the  action  of  terrestrial  magnetism  and  the 
current  passed  from  seven  new,  freshly  amalgamated  Bunsen- 
cells ;  as  soon  as  the  needle  had  come  to  rest  the  angle  of  deflec- 
tion was  read  and  at  the  same  time  the  tangent  galvanometer 
was  noted. 
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The  following  table  gives  the  results,  each  number  being  tk 
mean  of  four  experimente. 

Column  (1)  gives  the  distance  of  the  center  of  needle  from 
core ;  (2)  the  readings  of  the  tangent  galvanometer ;  (3)  the  de- 
flection of  the  compass  needle  for  the  distances  given  in  column 


CD 
Diet,  from 

(2) 

(3) 

Nat  Tan. 

(5^ 

(6) 

W 

Core. 

Tan.  Gal. 

DeflcctioQ. 

Defl.       1 

<P 

d*"'** 

Dit 

4  ft.  or  1 

51°  45' 

38°  15' 

•788336 

•788336 

•788336    1 

-oooooo 

5  «•   *'  1-25 

51°  45' 

23° 

•424475 

•829042 

•782392    j 

•005944 

6  *'   "  15 

51°  30' 

14°  30' 

•258618 

•872836 

•786629 

•OOStff 

7  **   '*  1-75 

51°  45' 

9°  45' 

•171831    1 

'917888 

•796386 

-008049 

8  •♦   *•  2 

51°  30' 

G°44' 

•118063    ' 

•944504 

•789144 

-000801 

(1) ;  the  nat  tangs,  of  the  angles  of  (3) ;  (6)  the  products  of  the 
nat  tans,  of  the  angles  of  deflection  bv  the  cubes  of  the  distances 
in  (1) ;  these  products  being  obtained  by  multiplying  the  nat 
tan.  of  each  angle  of  deflection  bv  the  corresponding  distance 
from  the  core  raised  to  the  cube,  should,  if  the  law  followed  the 
reciprocals  of  the  cubes,  be  equal ;  column  (6)  ^ves  the  pro- 
ducts of  tlie  nat  tangs,  of  the  needle  deflections  into  their  cor- 
resj)onding  distances  from  the  core  raised  to  the  2*7404  power; 
(7)  contains  the  diflerences  of  each  product  of  (6)  from  '788838 
the  nat.  tan.  of  88°  15'.  If  the  experiments  had  been  more  ex- 
tended these  diflerences  would  have  been  smaller ;  as  it  is,  the? 
are  not  great,  and  greater  approximation  cannot  be  obtained  with 
three  decimals  in  the  exponent  of  the  power,  and  this  degree  of 
accuracy  is  all  the  determinations  will  allow.  The  sum  of  the 
+  departures  equals  -008857,  that  of  the  —  departures  equals 
•008i»l,  their  difterence  is  +  "000206. 
We  can  therefore  assume  that  the  intensity  of  the  force  (for  this 

apivanitus)  i^anes  niverstly  as  the  2'740i power  {or  as  cP"^^^^  of 
tfic  Jijstancv/rom  the  co)^, 

JExperimcnts  on  the  comparative  strengths  of  cores  formed  of  in- 
sulatai  and  ini{nsulatk\i  wires, — ^The  wire  used  in  these  experi- 
mouts  was  of  the  best  soft  iron  and  of  two  diameters,  j'^  and  jj 
iuok  The  wire  was  cut  into  lengths  of  10  in.  and  then  placed 
in  iron  tubes,  (to  keep  them  from  the  action  of  the  aiA  and 
heatoii  to  bright  rixiness :  the  tubes  were  then  covered  thickly 
with  liino  and  allowixl  to  cool  slowly.  This  process  was  twice 
n*jH»atiHl  on  all  the  wire  and  iron  tubes  and  cylinders  used  in 
this  invostigj\tion,  and  they  were  found  after  magnetization  to 
have  very  little  residual  ^magnetism.  The  caution  however 
wi\s  taken  always  to  present  the  same  end  of  a  core  toward  the 
noixlle ;  thus  all  the  cores  wer^  placed  in  the  same  circuinstance& 
Tliroo  oon»  wore  made  of  each  size  wire.  Each  core  of  tihe  xV 
win)  contaiiioil  1 W  pieces,  while  each  core  of  the  y',  wire  con- 
'  '  of  400  wii«&  The  wires  of  one  core  of  eack  size  wire, 
Ittii^  ben  tested^wiViiE^l^thBl  they  were  equally 


i.     wiroc 
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3ted  in  the  same  circumstances  of  magnetization),  were  insu- 
i  by  dipping  them  separately  into  parafine,  melted  in  a  tube 
at  12  in.  long,  and  were  thus  uniformly  coated  with  a  firm 
ar  of  that  substanca  They  were  then  closely  tied  together 
•  bundles  by  means  of  silken  thread.  The  helices,  in  all  the 
eriments  on  the  cores,  were  placed  8  feet  apart 
b  abbreviate  the  descriptions  of  the  experiments  we  will  always 
56  the  E  helix  east  ol  the  compass  and  the  W  helix  west, 

to  indicate  the  deflection  of  the  needle  we  will  use  such  ex- 
ssions  as  "S.  17°  W."  which  means,  S.  end  of  needle  deflect- 
17°  W.  or  toward  helix  W.  In  the  case  of  N.  poles  facing 
compass  the  above  expression  would  show  that  the  core  of 
X  W  was  stronger  than  that  of  helix  E.  If  the  current  was 
arsed  it  would  mdicate  that  the  E  helix  was  the  stronger, 
ten  not  otherwise  stated  it  wiU  be  understood  that  the  N. 
38  of  the  helices  face  the  needle,  and  therefore  the  expression 
3n  of  the  deflection  wiU  always  show  which  of  the  cores  has 

greater  action  on  the  needla  To  designate  the  different 
©KJores  we  will  use  "  100  or  400  UC  "  or  "  100  or  400  I C," 
.eh  respectively  mean,  Ae  uninsulated  core  of  100  or  400  wires 
.  Ae  insulated  core  of  100  or  400  wires.  T.  G.  stands  for  tan- 
t  galvanometer. 

f!xperiment  1.  Helices  alone,  without  cores.  Needle  placed 
Iway  between  helices  and  brought  to  0°.  Current  passea  from 
Bunsen  cells.  Needle  S.  4°  E.  T.  G.  58°. 
the  2.  Reversed  current  S.  4°  W.  T.  G.  58°. 
2c.  8.  Moved  needle  toward  W.  helix  so  that  it  stood  at 
^hen  circuit  was  open  or  closed.  Distance  fix)m  E  helix 
>2-77  in.  T.  G.  68.  Expts.  1,  2  and  8  show  that  E  helix  is 
stronger. 

2c  4  Three  cores  of  400  wires  each,  one  of  insulated  wires, 
•e  compressed  to  exactly  the  same  diameter  of  1*64  ins.  An 
nsulated  core  was  placed  in  each  helix,  and  the  needle  brought 
)°,  midway  between  the  helices.  Current  passed  S.  27°  E. 
G.  60°. 

2c  6.     Current  reversed  S.  27°  W.     T.  G.  50°. 
Sc  6.     Other  circumstances  remaining  as  in  (4)  moved  needle 
"Bid  W  helix  until  it  stood  at  0°  when  circuit  was  open  or 
jed.     Needle   distant   fix)m  E  helix  55;6  in.     T.  G.  46°. 

Et  repeated  many  times,  with  current  direct  and  reversed, 
I  the  same  result 

5c  7.  Interchanged  the  cores  in  the  helices.  Current  passed. 
3dle  still  at  0°.  T.  G.  48°.  Current  reversed.  Needle  at  0°. 
is  shows  that  the  cores  were  equally  affected  in  the  same 
(umstances. 

Sc  8.  Replaced  E  core  by  the  insula^  core  of  400  parafined 
e&    Needle  having  remained  in  same  position  as  in  (6)  and 
Current  passed.    &  55'  W.    T.  G.  46°. 
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Ex.  9.     Current  revereed  Si  55'  R     T.  G.  46^ 

Expts.  S  and  9  repeated  several  times  with  same  results,  show- 
ing that  the  insulated  c«3re  was  the  weaker. 

£r.  10.  Moved  nee^ile  toward  E  helix,  which  contained  the 
400  insulatovl  wires,  until  it  stoo«l  at  0'  when  circuit  was  opea 
or  OiOsevL     In  this  pc«sit:on  needle  was  554  in.  from  E  helix. 

The  h»  wire-cores  subsritute*!  for  the  4tK)  wire-cores  gave 
similar  results  only  difieriiig  in  decree. 

It  is  verv  imiv^rtimt  t.>  remark  that  errors  may  be  introduced 
into  such  detennir.:\:ions  as  the  above,  bv  not  taking  care  to 
have  the  various  cores  which  we  compare  of  exactly  the  same 
iiiayircr.  To  siiow  I'^e  eiect  o:'  a  change  ot  diameter  in  the 
same  bundle  o:  wires  the  rV.lowing  experiment  was  mada 

Ez.  11.  The  two  cores  oi  4«X»  uninsulated  wires  of  I'M  in 
d:;i::;t:cr  were  rlacc';  ii.  the  helices  and  needle  brought  bo  thit 
it  s:.>.xi  a:  0'  wV.en  oirouit  was  open  or  closed.  The  E  core  was 
r.o".v  s--^  r.rr-lv  or.r.yresse-i  thai  its  diameter  was  reduced  to  148, 
an.:  rev'.,»vW. :::  E  helix.  .  :herwise  the  circumstances  were  the 
sAiue.  CMire-t  t\^i<5e.L  S-  1"  15  W..  showing  a  consider- 
r.V>  viinir.utior.  in  tne  n:aj::etic  force  of  the  compressra  core; 
;'i:.t  also,  :>x**::::nilly  cxLiri:ii:«:  the  f^jrraos  action  of  magnetic 

I:  will  r«e  c  reserved,  in  ^e  above  oomparaave  experiment^ 
:hAt  t>.t  two  nninsiuAtei  wire^vres  were  of  exactly  the  same 
s:riV.ztl:  ^i^n  ;.\r.:ally  rns^-vtizcd.  -.Ijl  7,  ^  ani  that  one  of  them 
rer-::;:r.T:\t  :v.  tlie  \V  helix  is  •;.'/  r  ;•'  .v"i:>jn>.-»ri  to  the  iminsa- 
l:itc>i  ,'.r.  i  irsnh'ite't  o^rres  rli>?ii  in  the  E  helix.  This  method 
is  nT:v:vrss;?J7  when  tho  njifnetin:n*:  e^eot  o:  the  helices  are  not 
the  ?&:n-\  ihe  nn:n>Mlitc^.i  vcre  w'nich  remains  in  the  W  helix 
sT.:r..is  :v.  :he  ylio^:  ::  :he  "  nn:t-:;in.ilr  ~  in  Bunsen's  method  of 
vh.:.:-.netry.  An.i  the  nendle  -srhi.'h  is  mrved  to  such  a  position 
r^-fv-vn  thr  hel-x  tnit  it  ren^ins  it  •>•  when  the  ciicnit  is  open 
cr  jl.'S'iV-  -s  the  v\:  .::vAltn:  ::  the  Viir^er  screen  with  its  central 
tr?*:..slnxnt  :ir,'le.  r»nt  i:  :t  sh :nl.ic<arren  thas  wh«i  the  needle 
is  vIskv;.  n-.:.i--'.v  "rntTT.-^n  tw:  sinillir  h^liv^e?  that  it  remains 
a:  ,  *  T. --"-.in  :,\e  ::r:n::  *-s  .'t>rn  :r  j^jise^  tnen  two  ccnes  would 
3CiSW;:r  thi  t  nr.»:s%:- 

0:.o:/oj  ,  .  .'•  r/:  '^r.rri-    vr-.r??  :r  r.f  t/^iAf-ijaM  jjurf  insulated 
Aim;. —  ^nz  :^'^  '':c  zL:-:  ,-il:'nlit::n  ire  riven  in  £xT]«riments  6 


Heo,>f   r~-»    i^o^xv.z  .Vnf .  .* »*«,.l:z*J'  ,\r^.  : :  1  - :  vV7^ 

T^  insniiKc  *v«  ^  thertrci^r  \1.51>  we-iker  t>-^->  the  nnin- 


Jtx  hx^&^  >  4=>J.  a*  :t  VIS  5»^rc  ti^t  t:i"*  a^:Te  oiiference  ot 

c  MW  c:&:;:aAi  a  Sfoec^c  cv'  S5  ia  die  com- 
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ss  needle,  and  as  8'  or  even  less  of  deflection  can  be  accurate- 
read  it  follows  that  a  diflFerence  of  To'TfT^b  in  the  magnetic 
rce  of  the  two  cores  can  be  detected  and  measured  bv  this 
ethod.  This  example  will  convey  an  idea  of  the  delicacy  and 
curacy  of  this  plan  of  measurement,  which  no  doubt  can  be 
creased  by  the  careful  selection  of  the  proper  force  of  current, 
stance  of  helices  and  other  related  functions  of  the  apparatua 
It  thus  appears  that  this  result  sides  with  the  theory  of  Am- 
*e,  and  also,  to  my  mind,  points  to  that  postulate  of  the  atomic 
>yothesis  which  states  that  the  atoms  of  bodies  are  separate 
om  each  other  by  distances  which  are  great  when  compared  to 
iC  size  of  these  atoms. 

Atkmpta  to  determine  what  thickness  of  tube  infro/ction  of  its  dv- 
neteVj  ts  equal  to  a  solid  cylinder  of  t/ie  same  diameter, — ^According 
the  theory  of  Ampere,  the  magnetization  of  a  bar  of  steel,  or 
•  an  iron  core  subjected  to  a  helical  current  of  electricity,  is  due 
t  the  surface  currents,  which  are  the  resultants  of  the  interac- 
an  of  all  the  molecular  currents  in  the  interior  of  the  bar.  It 
therefore  exceedingly  interesting  in  a  theoretic  point  of  view 
>  determine  accurately  what  thickness  of  tube  is  equivalent  to 
solid  cylinder  of  the  same  length  and  diameter.  The  experi- 
.ents  oi  Barlow,  Harris,  de  H^dat,  and  of  Du  Moncel  nave 
lown  the  truth  of  this  deduction. 

There  is  evidently  a  certain  thickness  required  to  develope 
1  equivalent  action,  but  a  certain  portion  of  the  interior  of  an 
ectro-magnetic  core  can  be  removed  without  diminishing  its 
nee  wJien  in  a  condition  of  ^^  saturation.^^  This  determination 
ill  therefore  inform  us,  (accepting  the  hypothetical  theory  of 
.mpftre),  what  central  currents  are  prevented  by  their  inter- 
jtion  fix>m  affecting  the  resultant  surface  currents  of  the  bar ; 
id  it  appears  to  me  that  we  should  express  the  result  in  terms 
r  the  central  cylinder  which  can  be  removed  and  not  of  a  certain 
lickness  of  tube  which  remains. 

Out  of  well  annealed  soft  iron  a  series  of  tubes,  10  in.  long, 
ere  turned  so  that  they  fitted  closely  into  each  other ;  into  the 
inermost  tube  slid  a  solid  iron  core  of  '88  in.  diameter.  The 
iameter  of  the  outer  tube  was  1*68  in.  With  this  construction 
r  core,  tubes  of  various  thicknesses  could  be  rapidly  produced 
ad  compared  in  Effect  Two  such  cores  were  constructed. 
JE5c  12.  400  uninsulated  wire-core  in  W  helix ;  in  E  helix 
as  placed  the  combination  of  tubes  and  core.  Needle  brought 
)  such  a  position  that  it  stood  at  0°  when  circuit  was  open  or 
iosed.     T.  G.  46*^. 

JEZc  18.  Removed  inner  core  and  tubes,  and  drilled  out  the 
mermost  remaining  tube  until  the  thickness  of  the  combina- 
on  tube  was  }  of  its  diameter.  Current  passed.  Needle  re- 
AiL  JouB.  Sol— Second  Sxriis,  Vol.  L,  Na  149.— Smpt.,  1870. 
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mained  at  0°.     On  further  decreasing  the  thickness  the  S.  end 
of  the  needle  was  deflected  toward  the  W  helix.     T.  G.  46^ 

It  thus  appears  that  a  tube  of  this  size  having  a  thickness  of 
i  of  its  diameter  is,  when  magnetized  with  this  strength  of  cur- 
rent (8  cells,  T.  G.  46°)  equal  in  effect  to  a  solid  cvUnder  of 
the  same  diameter. 

Eoc  14  Another  tube  was  constructed  having  a  diameter  oi 
1*8  in.  and  a  thickness  of  ^  the  diam.  Into  this  tube  slid  a 
solid  core.  Placing  the  uninsulated  wire-core  of  400  in  W.  he- 
lix and  tube  with  inner  core  in  R  helix,  the  needle  was  placed 
so  that  it  stood  at  0°  when  circuit  was  open  or  closed.  T.  G. 
46°. 

Ex,  15.  Withdrew  inner  core.  Current  passed.  S.  40^  W. 
T.  G.  46°.  Thus  a  tube  of  the  above  diameter,  having  a  thick- 
ness of  i  of  its  diameter  is  not  equal  to  a  similar  solid  cylindet 
This  subject  will  therefore  have  to  be  the  object  of  further  in- 
vestif^ation. 

Thinking  that  in  the  case  where  a  current  did  not  satmate 
the  above  tube  it  would  equal  the  solid  cylinder,  the  foUowiog 
experiments  were  made. 

Ex.  16.  The  tube  used  in  (14)  was  placed  with  inner  core 
in  PI  helix,  and  a  similar  tube  and  core  in  W.  helix,  fmd  the 
neeiUo  plactni  so  that  it  stood  at  0°  when  circuit  was  open  or 
closed.     A  current  from  4  cells  was  passed.     T.  G.  82°. 

Ei\  17.  Solid  core  removed  from  tube  in  helix  K  Neodk 
remains  at  0°.  Hence  for  this  strength  of  current  (T.  G.  82*) 
the  tulv  is  ecpial  to  an  equivalent  solid  cylinder. 

AV,  18.  Other  things  remaining  as  in  (17)  a  current  from  5 
ot>lls,  T.  G.  87^  was  passed  through  helices.     Needle  &  2' W. 

Er,  l\l  Current  jxissed  from  6  cells.  T.  G.  40^.  Needle  & 
16'  W. 

Ejt\  20,  Current  passed  from  7  cells.  T.  G.  42^  Needk 
S.  20'  \V. 

kv,  21.  Curnnit  jmsseii  from  8  cells.  T.  G.  44°.  Needle  &# 
W.  It  is  oloarly  seen  from  above  experiments  that  with  a  eomnt 
of  T.  G.  82 '  x\w  tul>e  is  eaual  to  the  similar  solid  cylinder,  b« 
on  gnulually  iui'reasing  me  current  up  to  T.  G.  44°  that  the 
tulx*  tails  n\on.*  and  more  below  the  strength  of  the  cylinder, 
and  the  ntwllo  is  again  deflected  S.  40'  W.  toward  the  cylinder 
with  tlmt  ourront.  Therefore  in  determining  what  portioDof 
tlie  interior  of  a  oylinder  can  be  removed  so  that  what  renuiii 
sliall  ei|ual  the  s^^Iid  oylinder  we  should  see  that  the  tabel 
"saturatoil"  otherwise  the  comparison  does  not  solve  the 
lem.  Whether  this  ovnidition  was  frilfllled  in  EzpL  IS  m 
aseortainiHl 

In  Daguin  s  Traite  tie  Phusioue^  vol 
we  read:  '*M.  Du  Moncel  linas  that.' 
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the  magnetization  [of  a  tube]  may  remain  the  same  as  a 
[  cylinder,  that  the  thickness  should  be  at  least  J  that  of  the 

15  of  the  cy Under."  I  have  not  seen  Du  MonceFs  research 
his  subject  and  do  not  know  the  method  he  adopted  in 
paring  the  magnetization,  but  I  think  that  his  estimated 
ion  of  i  of  the  diameter  is  too  low,  as  Ex.  13  clearly  shows. 

cause  of  this  error,  I  imagine,  resides  in  the  feet  that  he 

I  a  current  not  sufficient  to  saturate  the  tube  and  cylinder, 

thus  his  determination  would  be  explained  by  Expts.  15 

his  subject  is  worthy  of  careful  research,  and  its  theoretical 
ings  on  the  subject  of  magnetism  are  very  interesting.  My 
ttiments  thus  far  cause  me  to  doubt  if  any  constant  faction 

16  diameter  will  be  found,  but  that  this  fraction  will  depend 
a  the  diameter  of  the  tube ;  being  larger  as  the  tube  is  smaller. 
hcperiments  on  a  Tube  slit  longitudinally. — To  determine  the 
lence,  if  any,  of  destroying  the  continuity  of  the  exterior 
Ewe  of  a  tuhie  by  a  longitudinal  slit,  I  obtained  a  tube  of  well 
jaled  iron,  1*68  inch  in  exterior  diameter,  '16  in.  thick  and 
na  long,  and  slit  it  in  its  whole  length  by  an  opening  ^'j 

wide.  This  opening  could  be  closed  at  pleasure  by  plac- 
in  it  a  tightly  fitting  piece  of  iron  10  in.  long. 
^x.  22.  The  above  tube,  with  the  slit  closed,  was  placed  in 
EL  heUx  and  the  400  U.  C.  in  the  W.  helix,  and  needle 
ight  to  such  a  position  between  them  that  it  stood  at  0° 
n  circuit  was  open  or  closed.     Eight  cells  of  Bunsen.  T.  G. 

b:,  28.  Slit  opened  by  removing  the  piece  of  iron.  The 
lie  remains  at  0^     T.  G.  46°. 

\cpts,  22  and  28  repeated  several  times  with  the  same  result 
1  the  accompanying  diagrams  is  shown,'  according  to  the 
iry  of  Ampere,  the  direction  of  the  circulation  of  the  exterior 

interior  surfece-currents.  It  is  seen  that  in  both  cases  the 
rior  surface  current  circulates  in  an  opposite  direction  to  the 
irior  current ;  and  that  when  the  tube  is  slit  longitudinally 
circulation  is  not  cut  off  but  Jojcilitated  by  the  joining  of  the 
jrior  and  interior  surfeces.   It  is  therefore  natural  to  suppose 

on  account  of  this  facility  afforded  to  the  circulation  that 
^icker  magnetization  and  demagnetization  will  occur  in  the 
t  than  in  the  closed  tube ;  but  no  difference  is  found  in  the 
jnetic  force  of  the  two  tubes,  for  the  loss  in  sur&ce  by  the 
seems  made  up  in  the  greater  facility  of  circulation, 
would  therefore  suggest  that  the  cores  of  the  electro-mamets 
Btronomical  chronographs  and  of  tel^raph  instruments  be  of 
well  annealed  Norway  iron,  made  into  tubes  having  a  thick- 
i  of  ^  of  their  diameters,  and  slit  longitudinally  by  a  narrow 
aing. 
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On  the  magnetic  conrfiKuMt  0/  the  inlenbr  surface  of  a  laia— 
Refernng  to  fig.  2  it  will  be  seen  that  the  Ampdreaa  currenta  oa 
the  interior  surface  of  a  tabe  flow  in  a  direction  contr&ij  to 
those  on  the  exterior.  The  magnetic  condition  of  this  vtaSiSt 
iras  therefore  an  extremely  interesting  point  for  investisatioQ: 
it  has  been  the  subject  of  over  two  hundred  expenmento 
and  is  by  &r  the  most  difScuIt  research  mentioned  in  tbit 
paper. 

In  mT  first  experiments,  steel  rods  and  iron  cores  weie  into 
duced  into  soft  iron  tubes  which  were  then  placed  in  helix  £ 
The  current  was  then  passed  and  the  tube  with  enclosed  core 
veiT  slowly  withdrawn.  The  steel  or  iron  core  was  then  n- 
moTcd  from  the  tube  and  tested  by  placing  it  to  the  W.  of  fc 
center  of  a  compass  needle.  The  magnetic  force  of  the  cok 
was  then  compared  with  what  it  had  before  it  was  introdoced 
into  the  tube.  This  method  was  thoroughly  tested  by  withdni- 
ing  tube  and  core  both  before  and  after  contact  was  brok^t  ia 
the  helix,  but  no  deoisire  conclu^ons  could  be  drawn  became 
the  effect  of  the  inductiTe  action  which  took  place  when  Uk 
core  was  withdrawn  &om  the  tube  changed  the  magnetic  idt- 
tioQS  which  existed  while  the  core  was  in  the  tube. 

The  following  method  was  then  devised.  Two  tubes  of  T«iy 
soft  iiv>n  were  constmcted,  having  both  an  internal  diameter  cf 
■64  inch,  and  one  an  external  diam.  of  103  inch,  the  other  of 
1-31  inch-  Both  tubes  were  9  in.  long.  One  hundred  aoi 
twenty  well  annealed  iron-wires  a  little  less  than  9  in.  koig 
were  t^htly  bound  together  by  silken  cord  and  then  wrapped  ■ 
ax  thicknesses  of  writing  paper,  so  that  the  wire  core  fitted 
neatly  the  interior  of  the  tubes. 

Tile  wire  core  was  now  deprived  as  &r  as  possible  of  magnet- 
ism by  passing  a  weak  magnet  over  it,  and  could  thuabe  (o 
ledaced  that  it  caused  a  defection  of  only  1°  when  placed  75 
in.  W.  {^  ^  ccattar  <A  a  survejor's  oompaas  needla.    By  ncn 
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inverting  the  core  in  the' line  of  the  dipping-needle  this  small 
residual  magnetism  could  be  reduced  to  10'  or  16'  deflection, 
Buid  in  some  experiments  even  a  reversed  magnetization  was 
thus  produced.     The  core  was  now  handled  very  carefully  to 

Erevent  all  vibrations  or  blows,  and  placed  in  an  K  and  W. 
orizontal  line. 

The  tube  was  placed  in  helix  E  and  the  current  passed.  It 
was  then  very  slowly  and  steadily  withdrawn,  so  as  gradually  to 
let  down  its  magnetism,  the  tube  removed  several  feet  from  the 
helix  and  the  current  broken  This  operation  was  repeated 
until  the  tube  had  attained  as  high  a  degree  of  magnetization  as 
could  be  given  to  it  with  the  same  constant  current  in  the  he- 
lix, and  a  further  repetition  of  the  process  caused  no  increased 
deflection  in  the  needle.  The  tube  was  then  carefully  placed 
in  an  E.  and  W.  horizontal  line  and  the  core  slowly  introauced, 
and  so  that  the  S.  pole  of  the  core  was  in  the  S.  end  of  the  tube. 
It  is  important  in  all  these  manipulations  to  keep  the  core  and 
tube  in  a  horizontal  plane,  for  if  they  are  inclined  to  the  horizon, 
during  the  experiment,  the  magnetic  condition  is  changed  and 
the  operations  nave  to  begin  anew.  The  degree  of  susceptibil- 
ity of  very  soft  iron  to  a  change  of  inclination  can  only  be  ap- 
preciated by  those  who  jnake  the  trial 

The  tube  with  enclosed  wire-core  was  now  introduced  into 
the  helix  and  the  current  passed ;  then  withdrawn,  and  this  re- 
peated (as  in  the  above  process  on  tubes  alone),  until  the  needle- 
deflection  showed  no  increase  of  magnetic  force.  This  deflec- 
tion was  then  compared  with  that  previously  produced  by  the 
tube  acting  alone. 

Now  if  the  interior  electric  currents  really  flow  as  Ampere's 
theory  states,  then  when  the  core  is  in  the  tube  and  the  maxi- 
mum magnetization  reached,  the  combined  eflRect  of  tube  and 
enclosed  core  on  the  needle  should  be  less  that  given  by  the 
tube  alone  without  the  central  core ;  for,  in  the  former  case  the 
core  has  a  magnetism  given  it  the  reverse  of  the  tube;  i.  e.,  sup- 
posing marked  end  or  tube  S  and  marked  end  of  introduced 
core  S,  then,  after  magnetization  in  the  helix,  the  marked  end 
of  core  is  N  and  will  therefore  neutralize  a  portion  of  the  tube's 
action  on  the  needle.  Now  this  was  found  to  be  invariably  the 
case  in  all  the  experiments  made ;  and  how  can  it  otherwise  be 
explained.  It  is  l^nown  that  the  combined  force  of  two  mag- 
nets with  like  poles  placed  together  is  less  than  the  sum  of  the 
forces  of  the  separate  bars  separately  measured ;  but  the  force 
of  the  two  together  is  always  greater  than  that  of  one  alone. 
But  we  here  have  a  tube  and  enclosed  insulated  core  with  like 
poles  together  giving,  after  magnetization  (in  the  same  conditions 
tacacAy  as  that  given  to  the  tube  alone)  a  less  effect  than  that 
given  by  the  tube  alone.     Therefore  these  fects  show,  to  my 
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mind,  that  the  deduction  from  Ampere's  theory  is  verified  bj 
experiment ;  and  that  we  have  succeeded  in  giving  to  a  core  in 
the  interior  of  a  tube  a  polarity  the  reverse  of  that  given  to  the 
tube  itself 

We  here  present  the  following  experiments,  which  are  typicil 
of  all  made ;  the  others  only  differing  in  q^uantity  with  a  cbWe 
of  distance  from  the  needle  and  a  clmnge  m  the  intensity  of  toe 
current  in  the  helix. 

The  marked  ends  of  tubes  were  S.  poles,  and  S.  10°  E 
means  that  when  tube  or  core  or  both  were  placed  W.  of  the 
center  of  the  compass-needle  that  the  S.  end  of  needle  was  de- 
flected 10°  E.  If  the  same  end  is  deflected  W.  then  the  marked 
end  is  a  N.  pole. 

Ex.  24.  Experiments  with  tube  of  I'OS  in.  diam.  is  giyen 
under  column  A ;  those  with  tube  of  1*31  in.  diam.  under  col- 
umn B.  Tangent  galvanometer  in  all  the  experiments  was  at 
80°.    Tube  and  core  placed  7  J  inches  W.  of  needla 

Marked  end  of  tube  placed  in  S.  pole  of  helix  and  A  B 

withdrawn  (as  descibed  above).  Repeated  6  times   S.  17<^  18'  E.       a  21°  Wl. 

Introduced  tube  again  and  withdrew •' 17    30    "        "31   iO  " 

.t  li         (t        .<  ti  ((  1 1T    9A    It         it  21    40   '* 

Core  placed  W.  of  needle **    0    33    "        "    0   18  "• 

Core  slowly  and  steadily  introduced  into  tube  so  that 

S.  end  of  core  was  in  S.  end  of  tube ;  then  tube  and 

core  introduced  into  helix  £.  and  withdrawn  6 

times "16      2    "        -'20   18  »' 

Introduced  and  w  ithdrew  tube  and  core  again •*  16    13    "        "  20   18  * 

it  (i  it  ti       it       .1         it  i.  2g    15    ((         i*  20    18  ^ 

«•  ««  «*  •♦       *»       "         '«    *•  16    15    »♦         "20    18   ** 

While  tube  remained  in  position  W.  of  compass  the 

core  was  slowly  withdrawn  from  the  tube.    Tube 

now  alone  deflected. ••  17    40    "        "21    38  " 

Core  now  alone  deflected "    0    60    "        "    0   lOW. 

Eeferring  to  Expts.  A  and  B  it  is  seen  that  when  the  tubes 
were  magnetized  alone  as  fully  as  can  be  by  the  current  (of  T. 
G.  30°)  through  the  helix,  they  deflect  the  needle  in  Exp  A 
1°  15'  more  and  in  Exp.  B  1°  22'  more  than  when  the  tubes 
with  enclosed  cores  acted  together  on  the  needle  after  having 
been  magnetized  in  exactly  the  same  circumstances ;  also,  that 
when  the  tubes,  remaining  undisturbed  in  their  position,  W.  of 
the  needle,  had  the  cores  withdrawn,  the  needle  was  deflected 
1®  25'  more  in  Exp.  A  and  1*^  20'  more  in  Exp.  B  than  when  the 
tubes  with  enclosed  cores  both  acted  upon  the  needle. 

In  the  break-circuit  experiments  the  efiects  are  more  compK- 
cated  by  reason  of  the  instantaneous  and  intense  extra-current 
in  the  helix  which  causes  a  sudden  inductive  action  on  the  tube 
and  core,  and  thus  other  actions  are  introduced  which  are  foreign 
to  the  object  of  the  investigation.  I  have  therefore  only  given 
examples  of  the  make-circuit  experiments,  though  the  others 
showed  even  a  greater  difference  between  the  action  of  the  tube 
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and  the  tube  and  core  together ;  this  diflFerence  amounting 
ne  experiments  to  5  . 

;er  the  results  of  the  above  experiments,  it  occurred  to 
investigate  the  action  of  a  helix  introdticed  into  the  tube, 
J  ascertain  if  a  magnetism  could  be  given  to  the  tube  the 
le  of  that  which  is  induced  when  the  helix  surrounds  it 
brmer  experiments  show  that  the  tube  can  give  a  reversed 
etism  to  an  enclosed  core,  and  we  will  now  see  that  a 
can  effect  a  reverse  m^netism  on  a  surrounding  tube, 
e  first  Expts.  were  made  with  opposing  helices,  one  being 
E  with  the  400  wire  core,  the  other  a  tube  of  soft  iron  9 
ag,  1"8  in.  external  diam.  and  '12  thick,  around  which  was 
)ed  a  helix  of  one  layer  of  148  turns  of  ^^  i^ch  wire,  and 
interior  fitted  a  helix  also  of  one  layer  148  turns  of  the 
wire  wrapped  upon  a  cylinder  of  wood  This  last  I  will 
le  inner  helix,  the  other  the  outer  helix. 

25.  The  inner  helix  was  placed  in  the  circuit  (near  the 

?,  far  removed  from  the  compass)  and  the  compass  was  so 
that  its  needle  stood  at  0^  when  circuit  was  open  or  closed, 
aner  helix  was  now  placed  inside  the  tube  and  the  current 
i  through  helix  E  and  the  outside  helix ;  and  also  through 
iside  helix  in  a  direction  the  same  as  the  current  in  the 
helix ;  and  the  needle  was  noted  The  current  was  now 
jed  in  the  inner  helix  and  needle  again  noted ;  but  as  the 
ing  helices  were  8  ft.  apart,  and  the  current  not  strong,  no 
(after  allowance  made  for  direct  action  of  inner  helix  on 
3)  was  obtained  from  the  action  of  the  inner  current 

26.  I  then  devised  the  following  experiment  The  op- 
5  helix  E  with  400  wire-core  was  removed  and  the  compass- 
3  brought  to  0°  by  the  action  of  the  earth's  magnetism, 
•on  tube  was  then  placed  1  foot  W.  of  center  of  needle  with 
pole  toward  the  compass.  The  deflection  produced  by  its 
Btism  was  S.  4^  40'  E.     The  inner  helix  was  now  placed 

position  W.  of  the  compass  previously  occupied  oy  the 
and  the  current  passed  so  that  its  S.  pole  was  opposed  to 
eedle ;  the  deflection  was  S.  8°  13'  E.  I  now  placed  the 
in  the  tube  and  both  1  ft.  W.  of  needle  and  passed  current 
It  S.  end  of  helix  was  in  S.  end  of  tubes.  The  deflection 
ced  was  S.  4°  50'  E. 

m  above  it  is  seen  that  when  tube  and  inner  helix  act 
ler  on  the  needle  the  deflection  is  only  10'  greater  than 
the  tube  acts  alone,  althougji  the  helix  acting  alone  causes 
3ction  of  8°  13'.  The  neutralization  of  such  a  quantity  of 
5tism  can  only  be  accounted  for  by  the  fact  that  the  great- 
t  of  the  magnetism  of  the  tube  was  reversed  by  the  action 
heliacal  current  on  the  inner  surface  of  the  tube. 

27.  To  obtain  dil-ectly  a  reversed  magnetism  by  the 
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action  of  the  outside  of  the  helix  the  following  experimentB  were 
made.  Several  wires  9  in.  long  and  ^V  ii^ch  diam.  were  heated 
in  a  cupel  furnace  to  bright  redness  and  slowly  cooled ;  one  end 
of  each  wire  was  then  marked.  A  wire  was  then  taken  and 
placed  with  its  marked  end  2*75  in.  W.  of  the  center  of  the 
compass-needle  and  the  deflection  produced  was  S.  18'  R,  show- 
ing that  the  marked  end  was  a  feeble  S.  pola  A  current  was 
now  passed  through  the  inner  helix  ana  the  wire  laid  upon 
it  so  that  its  marked  or  S.  end  was  upon  the  S.  pole  of  the  helix, 
after  remaining  here  for  a  few  moments  it  was  conveyed  to  the 
compass  and  placed,  as  before,  with  its  marked  end  2*75  in.  W. 
of  the  center  of  the  needla  The  deflection  was  now  S.  28'  W., 
showing  that  the  magnetism  of  the  wire  had  been  reversed  and 
that  a  wire  placed  on  the  outside  of  a  helix  has  given  to  il  a 
magnetism  the  reverse  of  that  given  when  it  is  placed  inside, 

Ex.  28.  Twelve  wires  were  now  placed  witn  their  marked 
ends  8*25  in.  W.  of  the  needle,  and  the  deflejjtion  being  &  8'  K 
showed  that  their  marked  ends  had  a  slight  S.  magnetism.  Thev 
were  now  removed  and  placed  with  their  marked  ends  on  the  iJ. 

Eole  of  the  helix  at  equal  distances  from  each  other  around  the 
elix,  through  which  a  current  was  passing ;  they  were  then  re- 
moved from  the  helix  before  the  current  was  broken  and  again 
placed  in  their  former  position  8  "25  W.  of  the  compass-neecile. 
The  deflection  was  now  S.  65'  E.,  showing  that  their  marked 
ends  were  of  south  magnetism.  They  were  again  placed  on  the 
helix  with  their  marked  ends  on  its  S.  pole  and  removed,  as  be- 
fore ;  they  now  deflected  the  needle  S.  20'  W.,  showing  that  their 
marked  ends  were  now  N.,  their  magnetism  having  been  reversed. 
Ex.  29.  The  inner  helix  alone  was  placed  1  foot  W.  of  needle 
and  the  current  passed  so  that  its  S.  pole  was  opposed  to  the 
needle.  Deflection  S.  3°  30'  E.  T.  G.  20''.  Reversed  current 
Deflection  3°  15'  W.  By  holding  a  bar  of  soft  iron  in  the  line 
of  the  dip  and  passing  the  wires  over  its  end  I  succeeded  in  ren- 
dering them  without  action  on  the  helix  when  put  in  the  place 
of  the  helix  in  the  above  experiment  The  twelve  wires  w«« 
then  tied  around  the  helix  equidistant  from  each  other  and  sepa- 
rated about  "2  inch.  The  current  was  then  passed  so  that  the  & 
pole  of  the  helix  was  opposed  to  the  needle.  Deflection  S.  2°  40' 
E..  Reversed  the  current  Deflection  S.  2°  80'  W.  We  therefore 
have  in  the  1st  experiment  50'  less  and  in  the  2d  45'  less  action 
on  the  needle  when  the  wires  are  around  the  helix  than  when  they 
are  away.  These  results  correspond  to  the  above  experiments 
on  the  tube,  the  helix  giving  the  wire  a  polarity  the  reverse  of 
its  own. 

Beccaria,  Coulomb  and  Faraday  have,  by  their  well  known 
experiments,  proved  that  frictional  electricity  when  at  rest  only 
exists  on  or  just  within  the  outer  surfaces  of  bodies,  and  Ptol 
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>3eph  Henry,  by  many  experiments,  has  shown  that  this  is  also 
ne  when  the  same  species  of  electricity,  of  high  tension,  is  in 
\otiorL  The  following  beautiful  experiment,  so  conclusive  in 
8  evidence,  appears  so  little  known,  that  I  will  here  give  it  as 
ated  by  that  philosopher.  "  A  copper  wire,  of  the  size  usually 
mployed  for  ringing  door  bells,  passed  through  the  axis  of  an 
■on  tube,  or  a  piece  of  gas  pipe,  about  three  feet  long.  The 
liddle  of  this  wire  was  surrounded  with  silk,  and  coiled  into  a 
lagnetizing  spiral,  into  which  a  large  sewing  needle  was  insert- 
1.  The  wire  was  supported  in  the  middle  of  the  tube  by  pass- 
ig  it  through  a  cork  at  each  end,  covered  with  tin-foil,  so  as  to 
)rm  a  good  metallic  connection  between  the  copper  and  the 
•on.  On  the  outside  of  the  tube  and  opposite  each  other  were 
laced  two  other  magnetizing  spirals,  their  ends  soldered  to  the 
•on.  When  these  two  spirals  were  ^so'fdmished  with  needles^ 
nd  a  discharge  from  a  Leyden  jar  sent  through  the  apparatus, 
8  if  to  pass  along  the  wire,  the  needle  inside  of  the  iron  tube 
ras  found  to  exhibit  no  signs  of  magnetism,  while  those  on  the 
utside  presented  strong  polarity.  This  result  conclusively 
bows  that,  notwithstanding  the  interior  copper  wire  of  this  com- 
ound  conductor  was  composed  of  a  matenal  which  oflFered  less 
asistance  to  the  passage  of  the  charge  than  the  iron  of  which 
tie  outer  portion  was  formed,  yet  when  it  arrived  at  the  tin-foil 
overing  of  the  cork,  it  diverged  to  the  surface  of  the  tube,  and 
till  further  diverged  into  the  iron  wire  forming  the  outer  spi- 
ds.  We  must  not  conclude,  however,  from  this  experiment, 
liat  the  electricity  actually  passes  on  the  outside  of  the  tube. 
>n  the  contrary,  we  must  infer  from  the  following  fact,  that  it 
asses  just  within  the  surface.  K  the  iron  be  coated  with  a 
bin  coating  of  sealing  wax,  the  latter  will  not  be  disturbed 
rhen  a  mooerate  discharge  is  passed  through  it,  though  with  a 
irge  discharge  in  proportion  to  the  conducting  power  of  the 
oo,  the  outward  pressure  may  become  so  great  as  to  throw  off 
be  stratum  of  sealing  wax." 

Barlow  and  Harris  have  made  experiments  which  show  that 
lagnetism  is  also  a  surface  action ;  and  in  Exp.  11  of  this  pa- 
ter we  saw  that  when  the  surface  of  a  wire-core  was  diminished 
y  compressing  the  bundle  the  magnetism  diminished  with  it 
?o  show  that  this  diminution  of  force  was  not,  in  major  part, 
wing  to  the  increased  repulsion  produced  between  the  oars 
rhen  brought  nearer  together,  the  following  experiments  were 
lada 

Ex.  SO.  About  200  yV  inch  wires  were  pressed  together  as 
ightly  as  could  be  by  binding  them  in  a  bundle  with  silken 
ord,  and  the  deflection  they  caused  in  the  needle,  when  mag- 
etized  in  the  helix,  was  noted ;  they  were  now  taken  apart  and 
ound  as  tightly  as  before  around  a  wooden  cylinder  about  1 
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inch  Id  diameter ;  and  being  magnetized  again  in  the  helix  with 
the  same  strength  of  current,  tne  bundle  caused  a  fisur  greats 
deflection  in  the  needle  than  when  it  acted  without  the  central 
wooden  cylinder.  I  consider  this  experiment  as  very  condu- 
sive  of  the  surface  action  of  magnetism,  for  in  the  two  meaenuw 
we  used  one  and  the  same  mass  of  metal,  subjected  to  exactly 
the  same  magnetizing  influence,  and  only  diflfering  in  the  extent 
of  exterior  surfaces  existing  during  the  two  experiments.  That 
the  increase  of  force  with  the  surface  was  not  owing  to  a  change 
of  distance  of  the  wires  from  the  interior  sur&ce  of  the  helix  is 
conclusively  shown  in  the  next  section. 

But  there  are  differences  to  be  made  between  these  analogous 
phenomena  of  frictional  electricity  and  of  magnetism ;  in  mag- 
netism a  considerable  thickness  of  metal  is  required  to  develope 
this  action  at  the  surface ;  so  that  (Ex.  18)  a  tube  must  have  a 
thickness  of  about  }  of  its  diameter  to  equal  a  solid  cylinder  of 
the  same  length  and  diameter,  both  being,  when  compared, 
"saturated"  with  magnetism;  also,  it  appears  (Ex.  26)  that 
a  magnetic  action  can  be  effected  on  tne  interior  surface  of 
a  tube,  while  no  similar  action  can  be  obtained  with  frictional 

electricitv. 

JEJocpenmenis  to  determine  whether  a  change  ofposikm  of  a  bar  in 
the  interior  of  a  helix  causes  a  change  in  the  intensity  of  its  magnet- 
izoMon, — Theory  indicates  that  no  change  in  the  aegree  of  mag- 
netization will  follow  a  change  of  position  of  a  bar  in  the  inte- 
rior of  a  helix,  and  the  following  experiments  conclusively 
prove  the  truth  of  this  deduction. 

Ex.  31.  In  the  interior  of  helix  E  resting  on  the  bottom  of 
the  opening  was  placed  a  cylinder  of  soft  iron  "88  inch  diam. 
and  9  ina  long.  Opposed  to  this  helix  was  helix  W,  (in  the 
same  circuit)  with  the  400  wire-core.  Needle  was  brought  to 
such  a  position  that  it  stood  at  0°  when  the  circuit  was  open  or 
closed.     T.  a  44i°. 

Ex,  32.  The  aids  of  the  iron  cylinder  was  now  made  to  co- 
incide with  the  axis  of  the  helix.  Current  passed.  Needle  still 
at  0°.  T.  G.  44J°.  Thus  showing  that  the  change  of  position 
makes  no  difference  in  the  intensity  of  the  magnetization. 

Experiments  on  the  comparative  magnetizing  effects  of  a  helix 
and  of  a  comiination  of  spirals,  formed  oj  similar  wire,  and  con- 
taining the  same  number  of  turns,  arranged  in  a  length  equal  to 
that  of  the  helix, — AccordGlng  to  the  theory  of  Ampere  the  cur- 
rents which  encircle  a  magnetized  iron  bar  or  a  steel  magnet 
are  in  planes  at  right  angles  to  the  axis  of  the  bars ;  and  it 
seemed  to  me  interesting  to  determine  with  this  sensitive  appa- 
ratus what  difference,  if  any,  existed  between  the  magnetizing 
effects  of  a  helix  whose  turns  were  inclined  in  the  successive 
layers  alternately  in  opposite  and  equal  angles  with  the  axis, 
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and  the  effects  of  a  combination  of  spirals  composed  of  an  equal 
number  of  turns  of  wire  as  the  helix  and  existing  in  the  same 
length. 

fifty  spirals,  each  composed  of  14  ft.  SOB  ins.  of  -^s  inch  wire 
in  20  turns,  were  made  by  a  process  to  be  described  in  a  sub- 
sequent communication.  These  spirals  were  placed  vertically 
in  a  frame  at  equal  distances  fix)m  each  other  so  that  they  form- 
ed a  cylinder  9  ins.  in  length,  8*9  ins.  in  exterior  diameter  and 
with  a  cylindrical  axial  opening  of  1"68  ins.  The  turns  of  the 
spirals  were  carefully  insulated  from  each  other  by  saturating 
the  covering  of  the  wires  with  melted  parafine. 

A  helix  was  constructed  of  the  same  wire,  wrapped  in  20 
layers,  each  layer  consisting  of  50  turns.  The  wire  in  each 
layer  was  wrapped  parallel  with  two  lengths  of  twine  so  that  the 
50  turns  in  a  layer  occupied  a  length  of  exactly  9  ins.  This 
gave  a  "  pitch  "  to  the  turns  of  the  helix  of  "18  ins.  and  the 
mnermost  turns  of  the  helix  formed  nn  angle  of  1°  57''25,  and 
the  outside  turns  formed  an  angle  of  50' "5  with  the  axis  of  the 
helix,  alternately  to  the  right  and  to  the  left;,  as  it  was  wrapped. 
Each  layer  of  turns  of  wire  and  twine  was  carefully  saturated 
with  melted  parafine  of  a  high  temperature,  so  that  the  copper 
was  seen  through  the  saturated  covering  aft;er  the  parafine  had 
solidified. 

Ec  88.  The  helix  and  combination  of  spirals  were  placed  8 
feet  apart  and  an  uninsulated  400  wire-core  placed  in  each.  The 
compass  was  placed  midway  between  them  and  the  needle 
brought  to  0°.  The  current  was  now  passed  so  that  the  N.  pole 
of  the  cores  faced  the  compasa  The  S.  end  of  the  needle  was 
slightly  deflected  toward  tne  helix,  showing  that  the  core  of 
this  was  somewhat  stronger  than  that  of  the  spirals. 

The  greater  strength  of  the  helix  could  not  be  attributed  to 
the  excess  of  wire  it  contained  over  the  spirals,  for  this  only 
amounted  to  about  2  inches ;  tiiinking  that  the  intense  inductive 
action  of  the  spirals  on  each  other  might  have  some  influence, 
the  foUowing  experiments  were  made. 

Eoc  84.  Placed  the  needle  between  helix  and  spirals  so  that 
it  stood  at  (f  when  the  circuit  was  open  or  closed.  Then  I  in- 
troduced between  the  spirals  49  copper  discs  having  central 
openings  a  little  smaller  than  those  of  tne  spirala  This  arrange- 
ment, as  Prof.  Joseph  Henry  has  shown,  so  effectually  cut  of 
the  mutual  inductive  action  of  the  spirals  that,  on  passing  a 
current  through  them  and  breaking  a  mercury  contact,  the  spark 
of  the  "  extra-current "  was  (on  account  of  the  greater  resistance 
of,  the  spirals)  less  than  when  only  the  circuit  of  the  battery- 
wires  was  similarly  broken.  With  the  exception  of  the  inter- 
posed copper  discs  things  remained  as  in  Exp.  38.  Current 
passed.     Needle  remain^  at  0°.     Showing  that  the  inductive 


212  X  J£  Mayer — Eaearckea  in  EbctrthMoffnetism. 

action  had  do  induenee  on  the  inurnsity  of  the  magnetizing 
ed'ecL  I  am  therefore  of  the  opinion  that  the  increased  effect 
of  the  helix  wa^  due  to  sup«erior  insulation. 

£r.  31.  The  e«.»mbination  of  d*J  spiral*  was  separated  into 
two.  each  c«5nraming  25  spirals.  Between  the  spirals  of  one 
combination  were  intn>iuced  the  25  spirals  of  the  other,  so  that 
even'  alternate  spiral  r.ielonge«i  to  the  same  combination.  If 
ihe  current  is  now  passed  through  one  of  the  eombiiiations  and 
the  two  terminal  wires  of  the  other  combination  joined.  Faradav 
has  shown,  that  the  "  extra-current "  in  the  first  combination  is 
entirely  given  up  to  seconi  The  .spirals  thus  arranged,  with 
the  temiiiiais  of  the  interi:«ose«i  spirals  separated,  were  placed 
opposite  the  helix  E.  an«l  distant  6  feeu  and  the  needle  so 
placed  l»etween  them  tLat  it  s:o»>i  at  0'  when  the  circuit  wm 
oi-en  OT  0 -osei  Oi\  c^jimecrlng  the  terminals  of  the  interposed 
spinLs  and  {.lassiiig  the  currenu  the  nee«lle  remained  at  0°.  Thus 
CL»ncl'isivoly  sLo"»v^li:i:  that  ih  a  c^jmhmation  of  spirals  or  in  a 
hc^.i'x  i\i  iuriCiifi  •.^.*^>•  I  or't/tc  m'r^  •'?<  iU^{for  of  adjoining  spirab 
or  Turrt^  --'i  ?'j."/i  ■:■:'.:/■  v.3o  n*:-  rvT^-y  on  t/ie  jx^ur^r  of  their  magneti' 
zaTiofi  a  i.i  'Ji-rzr'?Pi  ,;.  '.fe^cx  or*  i\n  iuteiisitif  of  the  current  passing 

I  do  no:  remeii.l«er  ever  having  seen  a  solution  of  tliis  ques- 
tio'^.  a'.ii  these  exivri'^eriis  have  given  it  under  conditions  of  a 
very  sirv^i:g  iniuonve  actioi:.  and  ^vi:h  a  very  delicate  apparatus 
lor  de;ec::::.g  -Miy  e5lv:  which  might  have  been  producecL  The 
ivii..^t  is  o::e  whioh  has  an  inii-.-rtant  theoretic  bearing  on  dy 
nzunioa"  iniuc::ve  aoiio::.  bu:  I  reserve  for  another  communi* 
caiiv'n  niy  views  on  that  y>>inn 

In  bringing  this  res<:t\r^h  :o  ^  conclusion  I  think  I  may  safely 
nsv  :ba:  these  resulis  ;.n,i  ex'.vrlnienis  nave  shown  the  ielicacj 
iini  i'rex.*ision  of  this  n:e;hvv:  : :  con.y<iring  and  measuring  the 
e^.tv:rv-n:agne::c  foives:  :\ni  a:  a  fn:.ire  lime  I  prc»pose  using  it 
to  solve  the  problems  which  relate  :o  the  variation  of  the  inten- 
sities o:  oort^  wiui  their  di joneters  and  with  their  surfaces,  and 
to  examine  the  varying  mr-inetizmg  ejects  of  helices  of  different 
lengths,  iiia:nvte:>?w  and  nn:..:>er  of  rams  of  wire,  and  traversed 
by  currents  <*i  \ii.Tic\\<  iniensitiesw 

Some  v>:  the  aix^ve  exy«erln:enTSw  which  relate  to  the  inverse 
polarity  given  to  «.vres  ylAoe^.i  inside  of  magnetized  tubes  and 
wires  'olacevi  c^ntsi  ie  o:  hel:oesN.  ?.re  very  suggestive  as  to  an  ex- 

SUiiaiion  of  di.^2nagne:is:n.  Int  I  reserve  for  the  present  the 
ypothetioskl  notior^i  which  they  h-ive  originated  in  reference  to 
t&Me  phenomena. 
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Art.  XXL — Abstract  of  the  Second  Series  of  Professor  Meissner's 
Researches  upon  Electrized  Oxygen;*  by  6eorge  F.  Barker. 

In  the  first  series  of  Dr.  Meissner's  researches  upon  oxygen, 
published  in  1868 — ^an  abstract  of  which,  by  Professor  John- 
son, appeared  in  this  Journal,  volume  xxxvii,  page  825,  and 
volume  xxxviii,  page  18 — he  arrived  at  the  remarkable  con- 
clusion, that  oxygen,  under  the  influence  of  electrical  tension, 
was  converted  not  only  into  ozone,  but  also  into  another  modi- 
fication which  always  appeared  simultaneously,  and  which  form- 
ed, when  brought  into  contact  with  watery  vapor,  especially 
after  the  absorption  of  the  ozone,  a  peculiar  dense  mist  This 
second  modification  of  oxygen  Meissner  identified  with  Schon- 
bein^s  antozone.  So  remarkable  were  these  results,  and  so  im- 
portant their  bearing,  if  true,  not  only  upon  our  theories  of 
ozone  itself  but  also  upon  the  philosophy  of  chemistry,  that 
Meissner  desired  to  repeat  his  experiments,  studying  particu- 
larly the  character  of  tne  antozone-mist  and  the  eflfects  of  elec- 
trical tension  upon  the  volume  of  the  oxygen  submitted  to  the 
discharge.  The  results  of  these  experiments  constitute  the  pa- 
per now  referred  to. 

I. 

Section  I  is  devoted  to  "Electrized  Oxygen."  The  experi- 
ment which  is  to  be  critically  investigatea  is  thus  descrioed : 
"  Oxygen  is  submitted  to  the  action  of  electricity  in  a  Siemens's 
or  von  Babo*s  apparatus,  is  then  passed  into  a  receiver  contain- 
ing a  concentrated  solution  of  potassium  iodid,  in  which  the 
ozone  is  completely  absorbed,  and  finally  through  water  con- 
tained in  a  second  receiver ;  the  gas  as  it  issues  from  the  water, 
forms  above  it  a  thick  white  mist,  which  also  appears  in  a  less 
d^ree  over  the  solution  of  potassium  iodid,  but  which  is  den- 
ser, the  less  concentrated  the  solution  and  the  more  favorable 
the  ozonizing  conditions."  To  prove  that  this  mist  consists 
solely  of  electrized  oxvgen  and  water,  Meissner  proposes  to 
show : — Ist,  that  no  otner  gas  but  oxygen  is  in  any  way  con- 
cerned in  the  production  of  the  phenomenon ;  particularly  no 
nitrogen,  chlonne,  hydrogen,  or  carbonic  acid.  2d,  that  for  the 
production  of  the  result,  the  presence  of  aqueous  vapor  in  the 
electrizing  tube  is  not  necessary.  And  3d,  that  the  potassium 
iodid  solution  used  for  the  absorption  of  the  ozone,  has  nothing 
whatever  to  do  with  the  appearance  of  the  phenomenon,  further 
than  is  implied  in  effecting  the  removal  of  the  ozone  from  the 
current  of  electrized  oxygen. 

*  Neue  Untersuchungen  liber  den  elektrisirten  Sauerstoff.  Yon  Dr.  G.  Meias- 
Der.  Mit  zwei  lithograj^irten  Tafeln.  Aus  dem  vierzehnten  Bande  der  Abhaiid- 
hmgen  der  KdQigli<£en  OesellBohaft  der  Wissenschaften  su  GottingexL  4to,  pp. 
110.    GKMngeo,  1869. 
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The  aj^paratus  used  to  establish  the  first  point,  consists  of 
two  pieces,  the  first  of  which  is  intended  for  the  production  of 
chemically  pure  oxygen,  the  second  for  the  electrization  of  this 
oxygen,  and  its  subsequent  analysis.  We  have  space  here  for 
only  a  general  description  of  these  marvellously  accurate  speci- 
mens oi  Geissler  s  glass-work,  referring  those  specially  interest- 
ed to  the  original  plates.  The  oxvgen  is  evolved  by  electroly- 
sis from  acidulated  water  contained  m  a  U  tube,  and  then  pan- 
es through  a  second  U  tube  filled  with  bits  of  glass  moistened 
with  sulphuiic  acid,  then  through  a  straight  tube  filled  with 
ox^'dized  copper-turnings  to  which  heat  can  be  appli^  thea 
through  a  second  U  tube  containing  glass  and  sulphuric  add, 
and  finally  through  a  horizontal  tube  a  foot  in  length,  contain- 
ing anhydrous  phosphoric  acid :  being  collected,  af);er  passing 
an  ingeniously-constructed  mercury-valve,  in  a  receiver  over 
mercury.  All  these  tubes  are  joined,  either  by  fusion  or  by  the 
most  carefully  ground  joints.  By  means  of  the  heated  copper 
oxyd,  the  hydrogen,  which,  by  diffusion  or  mechanically,  msy 
be  mixed  with  the  oxygen, — as  well  as  the  ozone  produced  1^ 
the  electrolysis,  and  me  vapor  of  hydrogen  peroxvd — ^if  any 
there  be — are  destroyed.  The  entire  apparatus  is  nrst  washed 
out  with  several  liters  of  pure  oxygen  chemically  prepared,  then 
with  15  liters  of  the  electrolytic  oxygen ;  after  which  tne  oxygen, 
being  assumed  pure,  is  collected-  The  second  piece  of  appara- 
tus was  made  in  duplicate :  one  has  a  tube  filled  with  solphuric 
acid  between  the  receiver  and  the  electrizing  tube ;  the  other 
has  a  tube  filled  with  anhvdrous  phosphoric  acid  in  this  posi- 
tion.  Moreover,  in  the  former,  biemens's  tube,  in  the  latter 
von  Babo's,  is  used  for  the  electrization.  With  these  excep- 
tions they  are  alike:  a  description  of  one  suffice&  The  gas 
passes  fix)m  the  receiver  through  the  lube  filled  with  the  anny- 
oious  phosphoric  acid,  to  firee  it  from  any  traces  of  moisture  it 
may  nave  acquired  in  the  receiver,  then  into  the  electrizing 
tul>e,  thence  into  two  small  flask-shaped  receivers,  the  first  con- 
taining potassium-iodid  solution,  the  other  water — and  then  to 
the  Jolly's  mercury  pump.  Between  the  diring  tube  and  the 
electrizing  tube  is  a  oarometer  tube  by  which  the  exhaustion 
may  be  regulated.  After  thoroughlv' washing  out  the  entire 
apparatus  with  pure  oxygen,  it  is  ttoroughly  exhausted,  the 
cock  beyond  the  electrizing  tube  closed,  and  tne  one  connected 
with  the  receiver  graduallv  opened,  the  electriang  tube  thns 
filled  with  oxygen,  and  tkis  submitted  to  the  action  of  the 
silent  electric  discharge.*  The  electrized  oxygen  now  passes 
successively  through  the  solution  of  potassium  iodid  and  the 
water,  upon  the  sur&ce  of  which  latter  Uquid  the  dense  anto- 

*  Tbe  efedrmiig  tube  of  ron  Babo  la  descxibcd  m  Pkot  JoliiiaQB.lB  abibaci 
•bova  aBndad  ta 
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sone-mist  appears,  increasing  momentarily  in  density  until  the 
Qask,  two  mches  in  diameter,  becomes  perfectly  opake.  This 
experiment,  performed  in  precisely  this  way,  was  repeated 
twelve  times,  and  always  with  the  same  result ;  Dr.  Meissner 
believes  therefore,  that  neither  hydrogen  nor  nitrogen  is  in  any 
way  concerned  in  the  production  of  this  peculiar  mist 

The  second  point,  that  the  presence  of  aqueous  vapor  in  the 
electrizing  tube  is  not  necessary  to  the  result,  was  established 
by  filling  this  tube  with  pure  oxye^en  dried  over  anhydrous 
pKoepho^c  acid,  then  elec^g  it,  and,  after  intermitting  the 
ciirrent,  passing  it  through  the  solutions.  The  result  was  the 
Bame  as  oefore. 

Nitrc^en  having  been  shown  to  be  without  effect  on  the  pro- 
duction of  the  mist,  the  especial  apparatus  for  the  electrolytic 
preparation  of  oxygen  was  given  up,  and  this  gas  was  obtained 
DTom  potassium  chlorate,  and  washed  with  a  solution  of  potas- 
sium lodid.  In  the  next  experiment  this  oxvgen  passed  from 
the  gasometer  through  a  wash-bottle  fillea  with  potassium 
hydrate  solution,  then  through  a  U  tube  filled  with  calcium 
cnlorid,  then  through  another  wash-bottle  containing  sulphuric 
icid,  and  finally  over  anhydrous  phosphoric  acid,  to  the  electriz- 
ing tube,  being  now  free  vrom  chlorine,  carbonic  acid,  ammonia, 
and  moisture,  though  containing  perhaps  a  trace  of  nitrogen. 
On  passing  a  stream  of  this  electrized  oxygen,  firat  over  phos- 
phoric  annydrid,  then  into  iodid  of  potassium  solution,  and 
afterward  through  water,  the  dense  cloud  appeared  as  befora 
Meissner  believes  therefore  *'  that  these  experiments,  not  once 
only  or  a  few  times  repeated,  but  performed  very  firequently, 
prove  the  following  pomt :  that  the  mist  formed  by  de-ozonized 
electrized  oxygen  with  aqueous  vapor,  appears  when  neither 
chlorine,  nitrogen,  ammonia,  hydrogen,  carbonic  acid  nor  watery 
rapor  is  present  in  the  tube  where  the  electrizing  occurs ;  and 
that  the  presence  or  aid  of  neither  of  these  substances  is  neces- 
sary afterward  for  its  formation.  That  in  other  words,  the  mist- 
phenomenon  requires  only  diy  electrized  oxygen,  the  potassium 
lodid  used  for  de-ozonization,  and  the  vapor  of  water,  for  its 
production." 

The  third  point,  that  the  potassium  iodid  acts  simply  by  ab- 
sorbing the  ozone,  and  thus  setting  the  mist-forming  oxygen 
free,  Meissner  proves  by  replacing  this  substance  by  a  great  va- 
rie^  of  other  l^es,  dilferi^  widely  in  chemical  p^perties  and 
agreeing  only  in  the  property  of  absorbing  ozone.  Sooium  pjro- 
gallate, — wmch  must  be  free  from  even  a  trace  of  gallic  acid — 
potesrium  ferrocyanid,  potassium  manganate,  the  higher  sul- 
phidfi  of  potassium  and  sodium,  barium  sulphid — ^the  hydrosul- 
phuric  gas  being  removed  by  passing  the  de-ozonized  oxygen 
through  a  solution  of  cupric  sulphate  before  entering  the  le- 
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ceiver  of  water — ammonium  sulphid,  hydrosulphuric  acid,  sul- 
phurous acid — either  free  or  as  sodium  sulphite — ^and  ammonio- 
ferrous  tartrate,  were  all  used  with  good  results,  the  ozone  being 
entirely  removed.  It  is  not  necessary  however,  to  absolutely 
de-ozonize  the  oxygen,  in  order  to  produce  the  mist ;  partial 
absorption  will  produce  it,  though  it  is  weaker  in  proportion  to 
the  amount  of  ozone  remaining.  By  using  potaasio-  or  sodio- 
ferrous  tartrate,  instead  of  the  ammonia  salt,  such  a  partial  ab- 
sorption is  eflfected.  The  same  is  true  of  certain  metals,  when 
moistened  with  water;  lead,  zinc,  copper,  iron,  tin,  cadimiam, 
antimony,  aluminum,  and  thallium  all  giving  the  mist,  though 
lead,  zinc  and  aluminum  are  the  best  for  this  purpose.  Meissner 
compares  the  mist  rising  from  these  metallic  bars  to  the  doud 
which  rises  from  moistened  phosphorua  Even  carbon,  in  the 
form  of  gas-carbon,  and  sometimes  animal  charcoal,  effects  ^ 
absorption.  The  noble  metals  gold  and  platinum  remain  com- 
pletely unaltered  in  both  moist  and  dry  ozonized  oxygen. 
Chemically  pure  silver  in  the  dry  gas  remains  unchanged  excqyt 
at  single  points  which  show  a  beautiful  greenish  play  of  coloRi 
without  a  trace  of  black  peroxyd,  into  which,  in  the  presenoe 
of  moisture,  it  is  so  rapidly  converted.  Mercury,  perfectly  diy 
and  still,  remains  unaltered,  though  on  the  least  a^tation  a  film 
appears  on  its  surface,  by  which  it  adheres  stronger  to  the  glasa 
On  replacing  the  ozonized  by  common  oxygen,  the  meicuiy 
becomes  again  mobile,  a  black  powder— of  mercurous  oxyd 
probably—being  left.  K  the  mercury  be  moist,  reddish  mer- 
curic oxyd  resmta  With  none  of  the^iC  latter  metals,  however, 
is  any  mist  formed. 

Though  these  experiments  prove  conclusively  that  no  single 
substance  can  be  yielded  by  such  widely  different  de-ozonizing 
substances,  to  form  the  mist,  yet  may  not  each  yield  one,  which, 
though  unlike  the  others  in  all  else,  may  have,  in  common  with 
them,  this  mist-forming  property  ?  Tnis  hypothesis,  Meissner 
considers  disproved  by  the  fact  that  the  mist  is  chemically 
identical,  whatever  the  absorbing  agent  It  may  be  i^tated 
with,  or  passed  through  water,  not  only  without  losing,  but 
often  with  actual  increase  of,  its  properties.  It  may  be  passed 
through  dilute  sulphuric  acid  or  alkaline  solutions  unchanged. 
"  In  a  word,  the  mist  which  appears  in  my  experiments  under 
the  given  conditions,  is  neither  acid  nor  alkaline,  consists  of  a 
body  neither  soluble  nor  insoluble  in  water,  but  is  solely  a 
mecnanical  or  adhesive  combination  of  oxygen  and  water, 
which,  when  washed  and  collected  in  a  gas-holder,  mulually 
disappears,  fine  fluid  drops  collecting  upon  the  wa£b  of  the 
vessel  which  when  examined  are  found  to  be  pure  water,  con- 
taining possibly  under  certain  conditions,  a  trace  of  hydrogen 
peroxyd."    When  passed  through  strong  sulphuric  acid,  or  over 
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L  chlorid  or  phosphoric  anhydrid,  the  cloud  disappears 
J  of  the  removal  of  the  water ;  but  it  reappears  again, 

weaker,  when  brought  again  in  contact  with  water, 
iwashed  mist,  indeed,  contains  impurities  coming  from 
jorbent  employed ;  as  iodine  and  traces  of  iodic  acid  ' 
le  potassium  iodid,  ammonia,  hydrosulphuric  gas,  and 
ly,  also,  traces  of  ammonium  nitrate.  But  all  de-ozoniz- 
>stances  do  not  yield  such  impurities,  and  even  these  may 
3ved  without  affecting  the  nust 

n,  may  not  the  mist  be  produced  either  by  the  action  of 
rgen  unaffected  by  the  electricity,  or  by  the  action  of 
ne  which  thus  results  ?  Oxygen  itself,  under  no  known 
3ns,  exhibits  this  property ;  and  as  to  ozone,  the  above 
aents  show  that  it  may  be  completely  removed  by  vari- 
sorbing  solutions  without  interfering  with  the  pheno- 
Indeed,  the  mist  is  the  stronger,  the  more  perfect  the 
1  of  the  ozone  from  the  electrized  .oxygen.  So  that, 
y  to  the  opinion  expressed  in  the  first  paper,  not  a  trace  of 
pears  until  the  ozone  has  been,  at  least  partially,  removed, 
lis  mist  is  not  due  to  a  compound  of  ozone  with  water, 
lished  by  the  fact  that  contact  of  the  electrized  oxygen 
ater  before  de-ozonization  is  prejudicial  to  its  subsequent 
fcion.  Further,  such  a  compound  must  hold  the  ozone 
Lch  force  as  to  prevent  such  easily  oxydized  bodies  as 
iim  iodid,  pyrogallic  acid,  or  altaline  sulphids,  fix)m 
iwing  it,  and  yet  be  at  the  same  time  one  of  the  most  un- 
)f  siibstances.  And  moreover,  were  there  such  a  com- 
of  ozone  and  water,  the  de-ozonized  oxygen,  after  care- 
ing,  would  yield  water  when  subjected  to  a  high  tempera- 
ieissner  however,  has  failed  entirely  to  detect  any  mois- 
Qder  these  circumstances.  Finally,  the  only  known 
ind  of  water  and  oxygen,  hydrogen  peroxyd,  forms  no 
ist  If  therefore,  neither  the  ozone  itself,  nor  any  com- 
of  it,  is  concerned  in  the  phenomenon,  there  must  be 
ed  in  the  pure  dry  electrized  oxygen,  besides  the  un- 
oxygen  ana  the  ozone,  some  third  oody,  a  third  condi- 

modification  of  oxygen,  to  which  the  result  is  to  be 
i 

ming  now  the  existence  of  antozone,  Meissner  proceeds 
Y  more  minutely  the  action  of  absorbing  agents,  with 
reference  to  this  substance.  He  divides  them  into  two 
one  of  which  removes  ozone  alone  from  the  solution,  the 
beorbs  both  modifications  The  first  substance  examined 
ogallic  acid  itself,  by  which  the  ozone  is  completely 
d,  the  solution  becoming  beautiful  hyacinth-red  in 
but,  unlike  the  action  of  the  alkaline  pjnrogallates,  the 
d  removes  also  the  antozone,  so  that  not  a  trace  of  mist 

us.  Sci.— Sbgomd  Sbbibs,  Vol.  L,  No,  148.— Bkft.,  \QflQw 
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appears  when  the  gas  is  subsequently  passed  through  water. 
On  adding  a  few  drops  of  sodium  hydrate,  the  liquid  becomeB 
dark  brown,  and  the  mist  at  once  appears.  Meisener  aocountB 
for  this  result,  by  supposing  that  in  the  oxydation  of  the  fiee 
acid  both  ozone  and  antozone  are  taken  into  combination  in 
equal  proportions,  while  in  that  of  its  alkaline  salts,  the  ozone 
combines  to  a  larger  extent  than  the  antozona  Another  sab- 
stance  examined  is  sodium  thiosulphite  (hypo-sulpliite)^  When 
the  electrized  oxygen  passes  through  a  concentrated  solution  of 
this  salt,  both  ozone  and  antozone  disappear,  not  a  trace  of  mist 
being  formed.  This  result  is  especially  noticeable,  inawnnflh 
as  sodium  sulphite  removes  only  the  ozone,  and  inasmuch  m 
the  product  is,  in  both  cases,  sulphuric  acid.  Since  to  ozjdise 
sulphurous  acid,  two  equivalents  of  oxygen  are  required  tx 
every  two  of  sulphur;  and  to  oxydize  thio-sulphurous  acid 
four  equivalents  of  oxygen  are  needed  to  two  of  sulphur; 
Meissner  believes  that  the  two  of  oxygen  in  the  former  case  an 
ozone ;  while  the  two  times  two  in  the  latter  are  not  of  equal 
value,  one  pair  being  ozone,  the  other  antozone,  atoma  So 
also  by  the  use  of  arsenous  acid  as  an  absorbent,  both  modifi* 
cations  are  removed  from  the  electrized  stream  of  oxygen,  both 
when  the  acid  is  &ee  as  well  as  when  its  sodium  salt  is  em- 
ployed. By  using  a  very  dilute  solution,  or  the  ordinary  satu- 
rated solution  in  small  amount,  the  ozone  may  be  imp^ecdy 
removed ;  and  by  passing  the  gas  afterward  through  potaasiuin 
iodid  solution  to  remove  the  ozone  entirely,  the  antozone  which 
remains  gives  a  feeble  mist  with  water ;  thus  showing  here  also, 
that  ozone  and  antozone  are  absorbed  by  the  arsenous  add  in 
equivalent  proportions.  Here  again  Meissner  believes  that  of 
the  two  atoms  needed  to  make  arsenic  acid  from  arsenous,  one 
is  ozone,  the  other  antozona  Mercurous  nitrate,  in  concentrated 
solution,  absorbs,  under  the  conditions  of  the  experiment,  boih 
ozone  and  antozone  only  partially,  though  equally ;  thus  acting 
like  arsenous  acid.  The  partial  absorption  in  these  cases  is  to 
be  distinguished  from  that  effected  by  the  metals  or  alkaline 
ferrous  salts  ;  in  the  former  case  both  the  oxygen  modifications 
are  equally  absorbed,  while  in  the  latter  the  ozone  is  almost 
entirely  removed,  but  the  Antozone  is  unaffected. 

Of  particular  interest  is  the  action  of  electrized  oxygen  upon 
potassium  hydrate.  When  fragments  of  this  substance  sligady 
moist  upon  their  surjGix^es  are  placed  in  a  horizontal  glass  tube, 
and  subjected  to  the  current  of  electrized  oxygen,  they  diortly 
become  covered  for  a  short  distance  &om  the  end  of  the  tube, 
with  orange-yellow  potassiimi  peroxyd.  Put  however  long  the 
experiment  continues,  the  other  pieces  remain  unchanged,  and 
not  a  trace  of  either  ozone  or  antozone  issues  from  t£e  tube. 
So  soon  as  the  electrical  action  ceases,  and  ordmary  oxygen 
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in  enters  the  tube,  the  yellow  crust  disappears,  to  be  a^in 
med  as  often  as  the  electrized  oxygen  passes  over  it     Smce 

peroxyd  is  at  once  decomposed  oy  water,  and  since  too,  the 
zimum  production  is  very  soon  reached,  it  would  seem  that 

peroxyd  is  successively  produced  and  decomposed  in  the 
)eriment,  causing  in  this  way  the  disappearance  of  ozone 
I  antozone  and  yielding  common  oxygen.  Absolutely  dry 
irate  has  no  effect  on  the  electrized  oxygen.  In  aqueous  solu- 
1,  the  formation  of  the  yellow  peroxyd  takes  place  only  in 

narrow  tube  which  dehvers  the  gas ;  but  as  the  antozone 
I  the  ozone  are  materially  lessened,  though  never  absolutely 
troyed  in  any  of  Meissner's  experiments — ^it  is  fair  to  infer 

action  similar  to  that  in  the  tube.  Sodium  hydrate  acts 
lilarly  though  less  energeticaUv ;  the  two  modifications 
)ear  moreover  to  be  unequal^  absorbed,  more  of  the 
ozone  disappearing  than  of  the  ozone.  These  results 
istrate  well  the  two  classes  of  absorbing  agents;  in  the 
$  case  complete  absorption  of  the  antozone  takes  place 
ih  that  of  the  ozone,  in  the  other  a  portion  of  the  antozone 
laina  In  the  one  case  partial  absorption  of  both  is  equal, 
the  other  unequal  One  of  these  classes  requires  for  its 
^dation  more  ozone  than  antozone,  the  other  requires  them 
aqnal  proportions ;  possibly  there  is  a  third  class  requiring 
re  antozone  than  ozona 

dji  important  practical  application  is  made  of  these  facts  to 
t  employment  of  potassium  iodid  as  an  absorbing  solution, 
nentral  solution  of  this  substance  becomes  alkaline  when 
>iected  to  the  action  of  ozone,  and  contains  fi^e  potassium 
Irate,  which,  acting  as  above,  diminishes  the  antozona  By 
arranging  the  apparatus  that  acid  or  alkali  can  be  added  at 
asure  to  the  iodid  solution,  the  mist  is  seen  to  be  diminished 

making  it  alkaline  and  increased  when  it  is  made  acid, 
e  neutrsJ  solution  of  potassium  iodid  is  not  therefore  a  suita- 

de*ozonizing  agent,  if  it  is  desirable  subsequently  to  pro- 
36  the  mist  It  should  be  previously  acidumted  with  hy- 
ichloric  or  sulphuric  acid,  especially  where  the  quantity  of 
ozone  is  small  Though  for  very  delicate  investigations 
issner  prefers  an  aqueous  solution  of  iodine, 
rhe  same  injurious  action  of  free  alkali  appears  with  ferrous 
fd  and  pyrogaUic  acid  solution.    It  is  completely  obviated 

using  ammonia  in  place  of  potassa  or  soda,  anmionium 
ogallate  and  ammomo-ferrous  tartrate  being  &r  preferable 
ike  same  compounds  of  the  fixed  alkaliea  JSven  with  the 
phids  this  is  true ;  the  strongest  antozone-mist  Meissner  o1> 
sred  was  obtained  by  using  anmionium  sulphid  as  deozonizer, 
I  compound  absorbing  more  ozone  and  less  antozone  than  any 
er  flUDBtance  tried.     When  anmionium  hydrate  is  submitted 
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to  a  stream  of  electrized  oxygen,  the  ozone  is  partially  absorbed 
by  it,  and  the  antozone  cloud  rests  on  its  surface,  fey  passing 
the  mist  through  dilute  suljAuric  acid,  its  ammonia  may  be  re- 
moved :  and  then,  on  collecting  it  in  an  open  vessel,  tlie  water 
which  it  deposits  is  found  to  contain  nitric  acid  which  comes 
from  the  oxydation  of  tJie  nitrogen  of  the  air.  Solutions  of  am- 
monium carbonate  act  in  the  same  way.  The  energy  with 
which  ammonium  sulphids  absorb  ozone,  is  further  shown  by 
the  £ict  that  like  moist  phosi^horus,  some  of  them  can  polarize 
common  oxygen,  absorbing  the  ozone  and  emitting  a  powerfiil 
antozone-mist  Under  the  name  "  Liquor  fumans  Boylii," 
such  an  ammonium  sulphid  has  long  been  known.  It  fumes 
strongly,  but  only  with  oxygen :  neither  hydrogen  nor  nitrogen 
causing  it  Every  unsaturated  ammonium  sulphid  solution,  if 
it  contain  sufficient  sulphur,  is  such  a  fuming  liquor.  By  pass- 
ing pure  oxygen  through  it  and  then  through  water,  a  aense 
mist  is  obtained  which  can  be  washed,  be  dried,  and  then  be 
reproduceil :  a  true  antozone  mist 

A  singular  cause  of  error  in  his  previous  paper  is  here 
pointe^.l  out.  AVhen  dry  air  is  electrized,  the  mist  is  easily 
obtainoil  on  contact  witfi  water,  even  without  the  previous  use 
of  any  de-ozonizing  solution.  Meissner  hence  stated  that  the 
mist  could  be  forme^l  without  previous  removal  of  the  ozone. 
But  in  fact  the  nitrogen  of  the  air,  being  oxydized  to  nitric 
acid  by  the  oz»>ne,  acts  as  a  de-ozonizing  agent  He  obtained 
however  the  s:\me  result  with  pure  oxygen.  But  upon  examin- 
ins;  his  apjxiratus,  he  found  a  cork  previously  used  with  a 
solution  of  potassium  io^lid.  which  had  iodine  upon  it  and  thus 
actoil  :is  the  de-ozonizer.  In  his  later  researches  all  these 
soua^es  of  en\^r  weiv  avoideil.  and  the  conclusion  established 
that  to  pnxluce  the  antozone  mist,  the  ozone  must  first  be  wholly 
or  partiiUly  removed. 

*'As  die  result  of  many  ot\-repeated  experiments,''  savs 
Meissner,  "  it  may  be  asserted  that  there  is  no  single  fluid 
thrc>ugh  which,  or  no  single  solid  over  which,  electrized  oxygen 
can  be  i>asseil  without  exerting  some  action  upon  it;  even 
when  the  substance  is  itself  not  oxydable,  or  does  not  fix  in 
cbemical  cv^mbination  any  constituent  of  the  electrized  oxygen, 
some  action  takes  place  by  which  the  amount  of  ozone  or 
antozone  in  the  stream  of  oxygen  is  more  or  less  diminished." 
Not  only  finely  divide^!  gold*  and  platinum,  but  also  entirelv 
indifieront  Kxlies,  such  as  asl^estus,  cotton,  csJcium  chlorii 
charcoal-ix>wder,  or  finely  broken  coal,  destroy  the  ozone  and 
antozone  in  oUvtrize*!  oxygen.  Even  after  the  removal  of  the 
oione,  if  the  mist  W  jv^ss^l  over  finelv  granular  calcinm 
id,  tlio  antv>zone  will  disapix^r.  Tlie  same  is  true  of 
;  a  8ulplumc  acid  valve  mcludeii  in  an  apparatus  to 
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>revent  tlie  entrance  of  moisture    into  the  electrizing  tube, 
essens  the  amount  of  ozone  and  antozone  obtained. 

n. 

Section  11  treats  of  the  "  Quantitative  estimation  of  Ozone, 
ind  the  contraction  of  volume  on  electrizing  oxvgen."  The 
ipparatus  employed  is  similar  to  that  above  descrioed,  the  elec- 
trizing tube  being  widened  to  enclose  a  thermometer,  and  hav- 
ing a  delicate  mercury-manometer  attached  to  it  A  bulb-ap- 
paratus of  simple  construction  holds  the  de-ozonizing  solution, 
Emd  a  second  similar  one  contains  sulphuric  acid.  The  last  bulb 
:>f  the  former  apparatus  contains  fine  asbestus,  which  is  found 
to  destroy  almost  perfectly  the  cloud-forming  substance,  and  so 
to  retain  the  iodic  acid  and  iodine  carried  over  with  it  Both 
bulb-tubes  have  wires  by  which  they  may  be  attached  to  the 
balance.  In  making  an  observation,  the  apparatus  is  filled 
irith  pure  oxygen,  the  manometer,  barometer,  and  thermometer 
cjarefully  noted,  the  oxygen  electrized,  time  allowed  for  the 
temperature  to  be  equalized,  communication  established  with 
the  manometer,  the  (uminution  of  volume  ascertained,  and  the 
quantity  of  active  oxygen  determined :  1st,  by  the  increase  in 
weight  of  the  bulb  apparatus,  and  2d,  by  titration  with  sodium 
thio-sulphite  or  occasionally,  sodium  sulphita  The  free  iodine 
is  first  determined,  and  then  the  solution  is  acidulated  with 
hydrochloric  acid;  the  hydriodic  acid  thus  set  free  reacts 
with  the  iodic  acid  to  set  free  more  iodine,  which  is  then 
titrated  by  itself  Hence  every  iodine-equivalent  represents 
one  of  oxygen,  and  by  dividing  the  weight  of  iodine  found 
by  15*875  (127-7-8)  the  quantity  of  oxygen  absorbed  is  ascer- 
tained; or  in  other  words,  the  oxygen  absorbed  shown  by 
the  increase  of  weight,  must  be  to  the  iodine  set  free  as  mea- 
sured by  titration,  as  1 :  16*875.  In  the  experimental  results 
siven  in  the  table,  this  proportion  is  not  reached,  but  varies 
nx)m  1 :  14*9  to  1 :  13.  This  variation,  observed  by  other 
experimenters,  was  investigated.  It  was  found  not  to  be  due 
to  the  action  of  the  unozonized  oxygen,  nor  to  any  loss  ot 
iodine  in  the  gas-current,  nor  to  imperfections  in  the  titrition 
itself;  nor  did  it  appear  when  the  iodine  was  completely 
bxydized  to  iodic  acid,  ooth  weighing  and  titrating  then  giving 
the  same  results.  These  last  experiments,  Meissner  believes  in 
passing,  establish  the  fact  that  ozone  is  simply  a  modification 
of  oxygen,  not  an  oxydized  water;  that  no  nydrogen  peroxyd 
is  produced  in  it ;  and  that  the  method  of  experimenting  here 
employed  is  free  from  errors.  He  believes  too,  that  the  varia- 
tions observed  when  the  potassium  iodid  is  incompletely  oxyd- 
ized, may  be  due  to  the  production  of  some  intermediate  oxyd 
of  iodine ;  and  hence,  regards  the  method  by  weight  as  less 
liable  to  error  in  estimating  the  amount  of  os&one^  t\i»i\i  \»Vi& 
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method  of  titration.  I^  however,  the  solution  of  potaflsiTm 
iodid  be  either  very  dilute  or  very  concentrated,  or  particulailj, 
if  it  be  acidulated ;  or,  what  is  the  same  thing,  if  a  solution  of 
hydriodic  acid  be  used, — ^in  which  case  no  iodic  acid  is  fonned 
— ^then  the  method  of  titration  becomes  accurate,  the  resulti 
agreeing  with  those  obtained  by  weight  The  objecticHis  how- 
ever to  the  acidulated  potassium  iodid  solution  are :  Ist,  there 
is  a  loss  of  iodine,  carried  off  by  the  antozone ;  and  2d,  the 
iodine  separates  in  thick  masses  of  crystals  which  stop  entiirij 
the  delivery  tube.  When  too,  the  ozone  enters  the  absoibiiig 
solution  very  dense,  as  when  a  given  portion  of  oxygen  is 
electrized  for  a  long  time,  and  then  passed  at  onoe  into  it^  ike 
differences  between  the  results  of  weighing  and  titrating  sre 
very  much  increased ;  the  results  then  varying  fiom  1 : 8  to 
1 : 4,  instead  of  1 :  15*8. 

The  experiments  on  the  influence  of  electrical  tension  mxm 
the  production  of  ozone  showed  that  with  a  velocity  of  2*25  to 
2*50  liters  per  hour,  a  spark  of  1*5  centimeters  gave  OOO  gnna 
ozone,  of  4  to  5  centimeters  "0274  grms,  of  5  to  6,  0822  grma., 
and  of  6  to  7  centimeters  "0889  grams,  as  the  mft-riTniiTn ;  no 
increase  being  obtained  with  that  apparatus,  on  increasing  die 
length  of  the  spark. 

On  the  question  of  the  contraction  of  volume  on  electrizhig 
oxygen,  a  series  of  twelve  experiments,  made  with  the  appa- 
ratus already  described,  show  that,  as  a  mean,  the  weight  of 
oxygen  absorbed  as  ozone,  bears  to  a  weight  of  oxygen  equal 
to  the  observed  contraction,  the  ratio  of  1"984  to  1 ;  i  e.,  essen- 
tially of  2  : 1.  That  is  to  say,  the  portion  of  electrized  oxygen 
absorbed  by  potassium  iodid,  weighs  twice  as  mucli  as  the 
volume  of  oxygen  which  disappears  during  the  electrization. 
This  result  was  so  extraordinary,  that  the  experiment  was  care- 
fully repeated,  the  potassium  iodid  being  completely  oxydized ; 
the  oxygen  absorbed  weighed  0*0182  grams,  the  contraction  of 
volume  0  "00938  grams,  being  virtually  2 : 1.  Meissner  is  not 
prepared  to  claim  this  numerical  relation,  however ;  he  simply 
maintains  that  the  electrized  oxygen  absorbed  by  the  iooia, 
weighs  more  than  the  volume  corresponding  to  the  contraction 
observed.  He  then  goes  on  to  discuss  the  methods  by  which 
Andrews  and  Tait,  and  von  Babo  and  Glaus,  came  to  diflferent 
results ;  criticising  in  the  former  case,  the  apparatus  used,  the 
formula  for  calculation,  and  the  method  of  determining  the 
ozone  by  titration ;  and  in  the  latter,  the  use  of  a  neutral  solution 
of  potassium  iodid  having  a  wrong  concentration,  and  the  velo- 
city of  the  stream  of  oxygen,  both  of  which,  as  shown  above, 
affect  the  result  As  to  Soret*s  results,  which  were  made  with 
electrolytic  oxygen,  Meissner  merely  remarks  that  if  made 
with  the  use  of  a  neutral  solution  of  iodid  as  absorbing  agents 
as  seems  to  be  tiie  case,  they  may  not  be  reliable ;  tiiongh  not 
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having  prepared  ozone  in  this  way,  he  can  pass  no  further 
judgment  upon  them.  No  conclusion  however,  upon  the  den- 
sity of  ozone  can  be  drawn  by  Meissner  from  his  own  experi- 
ments, since  the  results  obtained  are  due  to  both  the  modifica- 
tions of  oxygen  produced  by  the  electrization ;  while  the  ratio 
of  the  two  present,  is  unknown. 

Finally,  Meissner  takes  up  the  question  of  the  electrizing  of 
confined  oxygen.  He  finds  that  the  limit  of  the  production  of 
ozone  is  nearnr  reached  in  the  first  10  to  20  minutes ;  that  on 
diminishing  the  electrical  tension  after  a  time,  the  amount  of 
ozone  is  increased ;  that  the  maximum  contraction  is  8*61  per 
cent,  corresponding  to  yfy,  instead  of  j'^  as  obtained  by  Andrews 
and  Tait ;  that  more  than  eight  times  the  quantity  of  ozone  is 
produced  when  the  oxygen  flows  in  a  current  through  the 
electrizing  tubes,  than  when  confined,  with  an  equal  tension ; 
that  the  agency  which  causes  the  return  of  the  ozone  and  ant- 
ozone  to  common  oxygen,  increases  in  activity  with  the  density, 
with  the  percentage  oi  electrized  oxygen,  and,  in  a  given  appa- 
ratus, witn  the  electric  tension ;  so  that  when  this  electrized 
oxygen  reaches  a  certain  density,  the  further  action  of  the 
electricity  destroys  as  much  ozone  and  antozone  us  is  produced. 
He  believes  that  the  electrization  of  the  oxygen  is  aependent 
on  the  tension,  the  destruction  of  the  ozone  and  antozone  on  the 
character  of  the  discharge,  so  that  for  every  apparatus  there  is 
a  limit  to  the  production  of  ozone,  beyond  whicn,  if  the  tension 
be  increased  and  the  glass  be  not  broken,  the  ozone  and  ant- 
ozone rapidly  disappear.  If  the  oxygen  be  dry,  it  retains  its 
diminished  volume  for  many  davs ;  but  if  moist,  much  less 
electrized  oxygen  is  produced,  andf  it  disappears  entirely  in  the 
course  of  two  days.  Mercury  appears  also  to  have  a  specific 
action  in  destroying  electrized  oxygen. 

This  second  research  of  Dr.  Meissner,  though  not  as  starfling 
in  its  results  as  the  first,  is  yet  (juite  as  valu^le  a  contribution 
to  science.  He  has  fully  established  the  main  positions  taken 
in  1868,  and  it  cannot  longer  be  doubted  that  electrized  oxygen 
contains  two  modifications  of  this  element  The  bearing  of 
this  &ct  upon  our  theories  of  ozone  is  evident 


Abt.  XXLL — Description  of  Sclerostoma pinguicolaj  a  new  species 
of  JEntozoOj  from  the  Hog  ;*  by  A.  E.  Vbrrill. 

On  two  occasions  I  have  received  specimens  of  a  rather 
large  parasitic  worm,  which  lives  in  the  fat  of  hogs.  In  the 
flnt  case,  five  specimens  were  obtained,  at  New  Haven,  by  Dr. 
IL  0.  White,  from  the  fatty  portion   of  a  spare-rib ;  in  the 

*  Izfcriotod  ftom  "  The  External  and  Internal  Parasites  of  Man  and  DomestlQ 
"  bj  A.  S.  Yeirzll,  pt^  138,  figure  89a,  July,  1S10. 
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second  inBtaiice,  at  Middletown,  Cotm.,  Dr.  N.  Creaaj  found 
large  numbers  of  tlie  worms  iu  the  &t  about  tbe  kidneys  of  a 
young  Suffolk  pig,  brought  from  New  Jersey,  Unibrtunately, 
none  of  these  specimens  are  in  so  good  a  state  of  preservatioD 
as  to  enable  me  to  determine  with  certainty  all  the  points  of 
their  atructui-e.  Those  which  I  owe  to  the  kindness  of  Dr. 
White  had  been  mounted  in  glycerine,  as  microsoopic  objects, 
and  pressed  out  flat,  before  they  came  into  my  posseaaion,  and 
the  tissues  were  thus  injured  and  the  organs  deranged.  Thoee 
from  Dr.  Cressy  were  both  pressed  flat  and  dried.  Yet  by  care- 
ful maceration,  and  considerable  labor,  I  believe  that  moat  of 
the  important  characters  have  been  made  out  The  body  is 
rather  robust,  especially  in  the  female,  and  tapera  to  both  ends: 
the  color  is  yellowish  white,  and  the  integument  is  seen  to  be 
finely  striated  transversely,  when  considerably  magnified.  The 
head  ia  smaller  than  the  body,  truncated  at  the  i. 

end ;  the  mouth  is  terminal,  roundish,  or  some-  J        '. 

what  angular,  surrounded  by  the  thickened  rim 
of  the  chitinoua  capsule,  or  pharynx.     The  edge 
of  this  chitinous  ring  rises  at  intervals 'into  four 
to  six  denticles,  or  very  small   angles,   which  , 
correspond  to  thickened,  longitudinal,  chitinous  f 
bands,  that  strengthen  the  pharynx,  and  give  a  \ 
slightly  angular  form  to  the  mouth.     The  phar- 
ynx itself  is  small,  short,  and  rather  squarish, 
when  seen  in  profile,  and  has  three  or  four  small, 
conical  teeth  at  the  bottonL     The  cesophagus  is 
thick,  club-shaped,  and  very  muscular. 

The  male  is  ri2  of  an  inch  long,  and  about 
'05  of  an  inch  in  diameter;  the  tail  ends  in  a  small  blunt  lobe, 
united  with  two  small,  entire,  membranous  expansions,  one  on 
each  side,  forming  a  small  bursa,  which  is  strengthened  by  sev- 
eral short  raya,  the  exact  number  of  which  could  not  be  deter- 
mined in  my  specimens;  there  are  two  long,  slender  spicolei 
The  females  are  1*25  to  two  inches  in  length,  and,  as  flatteDed 
between  glass,  they  are  '10  to  '13  of  an  inch  in  breadth.  Tbe 
posterior  end  suddenly  and  obliquely  narrows  to  a  small  coni- 
cal point,  which  is  turned  to  one  side.  The  anal  opening  is 
close  to  the  end,  and  the  genital  orifice  appears  to  be  adjacent 
to  it  The  oviducts  are  long,  voluminous,  much  convoluted, 
and  unite  in  a  large  and  capacious  uterus,  which  fills  most  of 
the  cavity  of  the  oody  toward  the  posterior  end.  The  uterus 
and  oviducts  are  both  filled,  in  the  larger  specimens,  with  im- 
mense numbers  of  small  oval  eggs. 

It  is  probable  that  this  parasite  is  by  no  means  uncommon. 

Figtire  1. — Sderotbmta pmgnicolaVenfiU;  a,  male,  asturaluze;  b,  poderiercDd, 
enlarged,  Hhowinii  (tie  bursa  and  apiculea;  c,  female,  natural  eiu ;  d,  anteiioi  tai 
of  the  same,  enlarged,  ihawiug  the  diitinous  cspaule  aad  a~~~'~ 
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'.  XXHL — Notes  on  the  structure  of  the  Orinoidea,  Oyttidea 
\d  Slastoidea  ;  by  E.  BiLLlNoa,  F.G.S.,  Paleontologist  of  the 
Bolt^cal  Siirvey  of  Canada. 

(CoDcludGd  fTom  this  Journal.  11,  vol.  iliz,  p.  SB). 
On  some  points  relating  to  the  Structure  of  Pentremites. 


.  1. — Onlycine  pUtea  of  PmtremitM,—b,  the  buala;  /,  one  of  the  Sve  foiked 

I :  d,  deltoiil  plate ;  t,  lancet  plate ;  of,  oral  eplrscle ;  3,  vpincle. 

.  3. — Oaryoc\/itiU»  teiludinariiu,  HUInger, — b,  banal  plates;  r,  rodUla;  m, 


rofessor  Wyville  Thompson  has  proposed  a  division  of  the 
eton  of  the  existing  Crinoid,  Antedon  rosaceus,  into  two  sys- 
*  of  plates,  which  ne  terms  respectively  the  "  Radial,"  and 
''  Perisomatic"  systems.*  These  he  considers  to  be  thor- 
ily  distinct  from  each  other  in  their  structure  and  mode 


rowth.  The  radial  system  consists  of  the  joints  of  the  stem, 
3entro<lor8d  plate,  tne  radial  plates,  the  joints  of  the  anns, 
also  those  of  the  pinnules.     In  the  perisomatic  system  he 


ides  the  basal  and  oral  plates,  the  anal  plate,  the  interradial 
38,  and  any  other  plates  or  spicula  which  may  be  developed 
le  perisom  of  the  eup  or  disc.  This  I  think  a  good  airange- 
t,  except  in  so  far  as  it  regards  the  stem,  which  appears  to 
X)  be,  always,  an  appendage  of  the  perisomatlc,  rather  than 
le  radial  system, 

hroughout  the  whole  range  of  the  Crinoidea,  the  plates  of 
radial  and  perisoraatic  systems,  are  easily  distinguished  from 
other.  In  general,  the  Cystidea  have  no  raiEal  plates  in 
■  calyces  except,  perhaps,  in  a  small  area  around  the  ambu- 
d  orifice.     This  accords  well  with  an  important  observation 

>n  the  Embryi^eaj  of  Aatedon  rosaceoB  Linck  (Comotula  roaocni  of  Ia- 
0-  By  Profeaaor  Wtvuxb  TuovpaoM,  LL-D.,  tn.  Fhilosopbk'sl  Tnuuac- 
>f  the  Boj»l  Sodet;,  Tol.  dv,  Part  II,  p.  GIO. 
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of  Professor  Thomson's  on  the  structure  of  Antedon,  while  in 
the  earlier  periodfi  of  its  growtL  "  The  entire  body  of  the  Pen- 
tacrinoid  is,"  he  says,  "  at  first,  while  yet  included  within  the 
pseudembryo  and  during  its  earliest  fixed  dtage,  surrounded 
and  enclosed  by  plates  of  the  perisomatic  system  alone,  and  it  is 
quite  conceivable  that  plates  belonging  to  this  system  may  ex- 
pand and  multiplj  so  as  to  form  a  tessellated  external  sfcsleton 
to  the  mature  anmial,  the  radial  system  being  entirely  absent, 
or  represented  only  in  the  most  rudmientary  form."  (Op.  cit,  p. 
541).  Such  is  the  structure  of  all  of  the  Cystidea.  Chi  refer- 
ring to  fig.  2,  it  will  be  seen  that  the  whole  of  the  body  of  Oary- 
ocystites  testudinarius^  is  covered  with  polygonal  pl&tes,  withont 
any  trace  whatever  of  a  radiifted  arrangement  The  plates  are 
disposed  in  nine  transverse  ranges,  girding  the  body  like  so  many 
rin^  This  species  is,  (and  so  are  most  of  the  elonnted  sab- 
cyhndrical  Cystideans),  annulated  rather  than  radiate^  so  &r  as 
r^ards  the  external  integument  The  lower  range,  below  the 
line,  b,  consists  of  the  ba^ls,  whilst  the  upper,  above  the  line,  r, 
may,  possibly,  be  radiated.  In  all  the  globular  or  ovate  Cysti- 
deans, with  numerous  plates,  such  as  SpoenontteSj  MaJocystUei^ 
Oomarocystites,  Amygdatoa/stiies,  and  others,  the  shell  is  neither 
annulated  nor  radiated,  but  composed  of  an  indefinite  number 
of  plates,  increasing  with  the  age  of  the  individual,  and  arranged 
without  any  well  defined  or  constant  order.  It  seems  dear, 
therefore,  that  the  test  of  the  Cystidea  belongs  mostly  to  the 
perisomatic  system. 

In  Peniremites  the  three  plates  which  are  usually  called  the 
basals,  consist  each  of  two  pieces,  one  placed  above  the  other, 
and,  in  general,  closely  anchyclosed  together.  The  lower  pieces 
have  each  a  re-entering  angle,  in  their  upper  edges,  for  tiie  re- 
ception of  the  upper  pieces  which  stand  upon  them.  This 
structure  was  first  pointed  out  by  Mr.  Lyon  (GeoL  Ky.,  voL  iii, 
p.  468),  and  is  not  generally  admitted,  although  I  believe  it  cer- 
tainly does  exist  It  is  said  that  the  lower  pieces  consist  of  the 
upper  joint  of  the  column,  divided  into  three  by  vertical  su- 
tures. To  me  they  appear  to  be  calycine  plates.  It  is  true  tiiat 
they  do  not  form  the  bottom  of  the  visceral  cavity,  but  this 
may  be  due  to  the  growth  inward  of  the  lower  edges  of  those 
of  the  upper  series.  Something  like  this  occurs  in  Antedony 
where,  at  first,  the  bottom  of  the  cup  is  formed  by  the  basals, 
but  afterwards  principally  by  the  first  radials. 

The  forked  plates  are  usually  called  "  ifewfeafe,"  but  they  cer- 
tainly do  not  belong  to  the  radial  system.  K  they  did,  they 
would  represent  the  first  radials  of  the  Crinoidea,  and  therefore 
they  should  support  the  bases  of  the  ambulacra.  A  little  con- 
sideration will,  however,  enable  any  one  to  perceive  that  in 
Peniremites  the  bases  of  the  ambulacra,  are  situated  in  the  apex 
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of  tlie  fossil,  and  do  not  come  in  contact  with  the  forked  plates. 
The  apex  of  Ptntremitea  is  identical  with  the  actinal  center  of 
Sea-urchins  and  Star-fishes,  in  which  the  mouth  is  situated.  It 
is  here  that  the  ambulacra  originate  and  grow  outward  by  the 
addition  of  new  plates  to  their  (ustal  extremities.  There  can  be 
little  doubt  that  such  was  the  mode  of  growth  of  the  ambulacra 
of  the  Pentremi^s.  The  smaller  extremity,  therefore,  of  their 
ambulacra,  which  is  received  into  the  forked  plate,  is  not  the 
base,  but  corresponds  with  the  apex  of  the  ambulacrum  of  a 
Sea-urchin  or  of  a  Star-fish.  It  also  represents  the  tip  of  the  arm 
of  a  Crinoid.  If  the  forked  plate  is  radial,  then  the  arrangement 
of  the  ambulacrum  must  be  the  same  as  that  which  would  be 
exhibited  in  a  Crinoid,  with  the  upper  end  of  the  arm  down- 
ward, and  resting  on  the  first  radial,  whilst  the  lower  end 
would  be  upward,  the  tip  being  formed  of  the  second  radial 
From  this  it  follows  that  the  forked  plates  do  not  belong  to 
the  radial,  but  to  the  perisomatic  system. 

The  five  deltoid  plates  alternate  with  the  forked  plates,  and 
are  also  perisomatic. 

It  is  not  certain  that  the  lancet  plates  represent  any  of 
thoee  plates  which  in  the  Orinoidea  are  usually  called  "ra- 
diala"  They  are  so  arranged  that  if  they  were  loosened  from 
the  walls  of  the  cup,  and  tneir  smaller  extremities  turned  up- 
ward, whilst  their  bases  or  larger  ends  retained  their  posi- 
tion, they  would  stand  in  a  circle  around  the  apex,  as  do  the 
arms  of  an  ordinary  Crinoid-  Their  bases  would  alternate 
with  the  apices  of  flie  deltoid  plates.  They  would  form  the 
outside  of  the  arms,  whilst  the  grooves  and  pinnules  would  be 
insida  Each  would  bear,  on  its  outer  or  aorsal  aspect,  two 
elongated  sacks,  the  two  hydrospires  that  belong  to  the  am- 
bulacrum. I  believe  that  the  small  groove  in  the  ambula- 
crum of  Pentremites  was  occupied  by  the  ovarian  tube  only. 
If  this  be  true,  and  if,  also,  the  lancet  plates  represent  the 
radial  plates  of  the  arms  of  the  Crinoias,  then  the  arm  of 
Pentremties  would  have  the  respiratory  portion  of  the  ambu- 
lacral  system  on  its  dorsal,  and  the  ovarian  portion  on  its  ven- 
tralaspect  ^ 

In  the  true  Orinoids,  both  the  respiratory  and  ovarian  tubes 
are  situated  in  the  groove  in  the  ventral  side  of  the  arm.*    In 

^  Thomas  Saj,  who  was  the  flret  to  recognize  the  Blastoidea  as  a  group  dia- 
tmct  from  the  Crmotdea,  also  supposed  ^e  ftmction  of  the  ambulacra  to  be 
reapiimtoiy.  He  sajs,  "  I  ^ink  it  highly  probable  that  the  braadiial  apparatus 
oommanioated  with  the  surrounding  fluid  through  the  pores  of  the  ambulacrsa, 
bj  means  of  filamentous  processes ;  these  may  also  have  performed  the  office  of 
tentaoula,  in  oonveying  food  to  the  mouth,  which  was,  perhaps,  provided  with  an 
ezsertile  proboecis ;  or  may  we  not  rather  suppose  that  ^e  ai^al  fed  on  the 
minute  beings  that  abounded  in  the  sea  water,  and  that  it  obtained  them  in  the 
manner  of  the  Ascidia,  by  taking  them  in  with  the  water.  The  residuum  of  di- 
gestion appears  to  have  been  rejected  through  the  mouth."  (Jour.  Acad.  N.  S. 
FhO.,  ToL  It,  p.  296,  1825). 
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the  Crinoids  the  pinnulse  are  attached  to  the  radial  jomts  of  tlie 
arm.  In  Peniremites  they  are  not  connected  with  the  lancet 
plate,  but  with  the  pore  plates.  In  P,  vyriforrais  they  appear 
to  me  to  stand  in  sockets  excavated  in  the  suture  between  the 
pore  plates  proper,  and  the  supplementary  pore  plate&  Millar 
compared  them  to  the  series  of  azygos  plates,  which  underlie 
that  portion  of  the  ambulacrum  of  Pentacriniis  that  runs  from 
the  mouth  to  the  base  of  the  arm.  These  resemble  the  lancet 
plates,  in  their  being  azvgos  and  not  connected  with  pinnulae ; 
out  then,  on  the  other  hand,  they  diflfer  from  them  in  having, 
a  portion  at  least,  of  the  respiratory  tubes  on  their  ventral  as- 
pect Mr.  Eofe  says  that,  "  in  many  species  of  Pentremite,  if 
not  in  all,  this  lancet  plate  is  in  reality  a  compound  plate, 
formed  of  two  contiguous  plates,  extending  from  tne  bottom  of 
the  sinus  to  the  top,  and,  tiien  turning  right  and  left  round  the 
summit-openings,  they  pass  down  the  adjoining  sinus,  to  form 
half  its  lancet-plate,  leaving  at  the  apex  of  the  body  a  pentag- 
onal aperture,  supposed  to  be  the  moutL  In  some  weather^ 
specimens,  the  two  parts  of  the  lancet  plate  are  separate;  and 
in  many  they  appear  to  meet  only  at  the  top  ana  bottom  of 
the  cross  section,  leaving  a  lozonge-shaped  opening  between 
them."  (GeoL  Mag.,  voL  ii,  p.  249.)  In  a  large  specimen  of 
P.  ohesus  (Lyon  and  Cassiday)  which  was  given  to  me  by  Mr. 
Lyon,  a  polished  section  shows  that  one  of  the  lancet  plates  is 
thus  divided,  but  in  general  no  trace  of  a  suture  can  be  seen 
in  these  plates. 

There  are  several  points  in  the  structure  of  the  ambulacra 
of  Pentremites  that  are  well  worthy  of  the  study  of  those  who 
have  plenty  of  well  preserved  specimens.  Among  these,  I 
would  direct  special  attention  to  tne  markings  in  the  ambula- 
crum of  P.  pyriformis.  The  median  groove,  which  I  suppose 
to  have  been  exclusively  occupied  by  the  ovarian  tubes,  sends 
off  branches,  right  and  left  alternately,  toward  the  sides  of  the 
ambulacrum.  These  branches  do  not  run  directly  to  the  am- 
bulacral  pores.  Each  of  them  terminates  at  a  point  between 
the  inner  extremities  of  two  of  the  pores.  There  is  at  this 
point  a  small  pit  which  appears  to  be  the  socket  of  an  append- 
age quite  distinct  from  the  pinnule.  The  groove  does  not 
reach  the  socket  of  the  pinnule,  which  is  situated  further  out, 
between  two  of  the  pores.  On  the  other  hand  a  small  groove 
runs  from  each  pore,  inward,  and  terminates  at  another  socket, 
about  half-way  between  the  pore  and  the  main  median  groove 
of  the  ambulacrum.  It  would  thus  appear  that  besides  the 
ordinary  pinnules,  there  were  two  other  rows  of  appendages  on 
each  side  of  the  median  groove. 

The  general  conclusions  at  which  I  have  arrived  from  the 
above,  are,  that  all  the  principal  plates  that  compose  the  shell 
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of  Pentremitea,  belong  to  the  perisomntic  system  of  Professor 
"Wyville  Thompson ;  that  it  is  doubtful  whether  or  not  the 
lancet  plates  are  homologous  with  the  radial  plates  of  the  Cri- 
noids ;  and  that  the  ambulacra  are  more  complicated  in  their 
structure  than  is  generally  supposed. 

7.   Oa  lAe  Stntcturt  of  the  genus  Nucleocnnus. 


Kg.  3. — Apu  of  Sttdtoorinut  VentuOn  Trooat  g,  wnbuUcral  grooTO ;  p,  ^ort 
throvKb  which  grooye  enters  into  the  interior;  i,  one  of  the  teu  spiraclu;  mv, 
orcMinal  apertare.  i.  Anterior  side  or  a  gpecimen ;  a,  the  anterior  interTadiaL 
B.  Apaz  of  a  Bpecimen  which  baa  lost  tho  inteKument  thtit  covered  the  orater. 
S.  DUgrani  <^  the  plataa  of  the  teat;  a,  ambulacral  place;  b,  the  bastls;  e, 
plate*  of  the  apez ;  d,  one  of  the  inumdiala ;  /  furked  plate. 

The  body  of  this  remakable  genus  is  ovate,  elliptical  or  ob- 
long, and  inclosed  in  a  shell  of  strong  perisomatic  plates,  which 
are,  in  general,  so  closely  anchyclosed  that  the  sutures  between 
them  cannot  be  distinguished.  According  to  Mr.  Lyon,  who, 
through  his  long  continued  geological  researches,  has  collected 
and  studied  a  vast  number  of  specimens,  there  are  three  minute 
lozenge-shaped,  or  quadrilateral  basal  plates,  situated  at  the 
bottom  of  the  columnal  pit ;  always  concealed  when  the  col- 
umn is  present  These  are  surrounded  by  three  other  plates, 
the  six  altogether  corresponding  to  the  six  pieces  whicn  con- 
stitute the  compound  basal  plates  of  Pentrvmites.  They  are 
represented  at  fig.  6,  b,  as  figured  by  Mr.  Lyon  (GeoL  Kj,,  vol. 
iii,  pL  V,  fig  1,  b.) 
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In  the  next  series  there  are  five  plates  which  are  undoubtedly 
the  homologues  of  the  five  forked  plates  of  Pentremiks.  They 
are  very  short  and  confined  to  the  base  of  the  body.  They 
form  a  shallow  basin  with  ten  re-entering  angles  in  its  mamn. 

Fig.  6,/ 

Alternating  above  the  forked  plates,  are  five  pieces  oorm- 
ponding  to  the  deltoid  or  interradial  plates  of  P&ntremikB^  Some 
of  these  are  lanceolate  in  form  (fig.  6,  d),  their  broader  extmi- 
ties  fitting  into  the  angles  between  the  forked  platea  Tbej 
taper  to  a  point  upward,  and  their  sides  are  beveUed  so  as  to 
pass  under  the  am bulacral  plates,  to  which  they  aie,  in  general, 
so  closely  united,  that  the  line  of  junction  is  indicated  only  ly 
the  difference  in  the  markings  of  the  surfeu^  Owing  to  this 
structure,  these  plates  have  not  always  been  recognized  by  the 
authors  who  have  described  this  genus.  They  were  first  point- 
ed out  by  Mr.  Lyon.  The  fifth  deltoid  or  interradial  plate  is 
truncated  at  its  apex  for  the  reception  of  the  ovo-anat  ori£oe 
(mt;,  figs.  4,  6).  The  sutures  on  each  side  of  this  plate  are  gen- 
erally distinctly  visible,  especially  in  the  upper  part  of  the 
body. 

Tjie  ambulacra  are  narrow — one  line  wide  in  a  specimen  fif- 
teen lines  in  length,  with  a  fine  median  groove,  about  lai^ 
enough  to  accommodate  a  tube  of  the  size  of  a  horse-hair. 
There  are  two  rows  of  pores,  those  on  one  side  of  the  groove 
alternating  in  position  with  those  on  the  other  side;  These 
pores  lead  into  the  hydrospires.  There  appear  to  be  only  two 
rows  of  ambulacral  ossiclea  The  pores  are  situated  in  the 
sutures  between  them.  On  each  side  of  the  ambulacrum  there 
is  a  broad  transversely  grooved  marginal  plate.  From  each  pore 
a  small  rounded  riage  runs  across  this  plate.  The  grooves 
between  the  ridges  originate  at  the  outer  extremities  of  the 
ambulacral  ossicles.  In  well-preserved  specimens  the  suiftce 
of  these  marginal  plates  exhibits  no  other  structure  than  the 
transverse  grooves  and  ridges ;  but  in  one  weathered  specimen 
that  I  have  examined,  they  seem  to  be  composed  of  a  number 
of  narrow  elongated  pieces,  arranged  transversely,  in  such  a 
manner  that  two  of  tnem  abut  against  the  outer  extremity  of 
each  of  the  ambulacral  ossicles,  and  extend  outward  toward 
the  interradials.  This  seems  to  prove  that  the  marginal  plates 
belong  to  the  ambulacra,  as  pointed  out  by  Mr.  Lyon,  and  not 
to  the  interradials,  as  represented  by  other  authors.  Although 
I  have  studied  a  large  number  of  specimens,  none  of  them 
were  sufficiently  perfect  to  enable  me  to  make  out  the  whole 
structure  of  this  part  of  the  test  of  Nvcleocrinus,  I  have,  how- 
ever, seen  enough  to  convince  me  that  the  ambulacra  are  much 
more  complex  than  is  usually  supposed  The  lancet  plate,  if  it 
occur  at  all  in  this  genus,  must  be  very  narrow.  The  amboh- 
cral  groove,  as  in  Pentremitos^  sends  off  branches,  right  and  left 
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There  is  also  evidence  of  the  exiBtence  of  minute  toatginal 
plates  on  each  side  of  the  groova 

,,  The  hydrospires  are  ten  elongated  sacks, 

each  witn  two  deep  folds.     They  are  per- 
fectly homologoua  with  those  of  Pentre- 
mites,  only  differing  therefrom  in  not  be- 
ing united  in  pairs;  consequentir  there  are 
ten  spiracles  instead  of  fiv&     The  month, 
or  oro-anal  orifice,  is  larger  in  proportion 
to  the  size  of  the  body  than  it  is  m  Pen- 
\  tremjtea.     Mr.  Meek  informs  me  that  the 
,.^  mouth  in  some  of  the  Blastoidea  is  pro- 
lh«  tected  by  a  single  valve  that  covered  it 
•"~'"-  like  the  lid  of  a  jug.     From  the  structure 

of  the  orifice,  I  am  inclined  to  think  that  in  Nudeocrvnus  it  pos- 
sessed a  similar  protection. 

In  the  apex,  nearly  all  the  space  within  the  circle  of  apertures 
is  covered  oy  a  thin  integument  of  small  platee,  fig.  &.  When 
this  is  not  preserved,  a  la^e  sub-pentagonal  aperture  is  seen,  as 
shown  in  ng.  6.  This  aperture  occupies  the  position  of  the 
month  in  the  existing  echinoderms.  The  int^ument,  as  will 
be  shown  farther  on,  represents  that  which  covers  the  mouth 
of  an  embryonic  Star-fish.  Mr.  Conrad  described  this  genus 
in  1842,  ss  having  only  one  aperture  in  the  summit  "  This 
genus  differs  from  pENTRBMlTKfl,  Say,  in  having  only  one 
perforation  at  top,  which  is  central"  (Jour.  Acad.  iNat.  ScL 
Phil,  vol  viii,  pt  280,  pL  xv,  fig.  17).  His  figure  represents  the 
fossil  with  the  apex  downward.  Dr.  Fero.  Boemer,  showed 
that,  when  perfect,  there  is  no  central  opening,  and  he  made 
this  one  of  the  grounds  for  separating  the  genua  firim  Pentre- 
mila.  He  described  the  apex  as  beii^  provided  with  six  aper- 
tures, five  of  which  were  divided  by  a  partition  within  each. 
These  he  considered  to  be  the  ovarian  orificea  The  sixth  he 
supposes  to  be  both  mouth  and  vent,  which  accords  with  my 
view.  (Mon.  der  Blastoideen,  p.  878).  In  1868  I  discovered 
the  five  small  pores  at  the  apical  extremities  of  the  ambulacral 
groovea.  (This  Jour.,  II,  xcvii,  p.  858,  and  Annals  Nat  Hist, 
IV,  ToL  4,  p.  76).  In  general  it  is  difficult  to  see  these  pores, 
but  if  a  nbcified  specimen,  which  has  been  fossilized  in  a  cal- 
caraous  matrix,  be  placed  in  an  acid  for  two  or  three  minutes, 
the  acid  cleans  them  out  and  they  then  become  distinctly  visible. 
I  believe  these  to  be  the  pores  through  which  the  ovarian  tubes 
passed  outward  along  the  grooves  to  the  pinnulse.  There  are 
thus,  sixteen  apertures  in  the  apex  of  Nucteoerintu, — ten  spira- 
cles, five  ovarian  orifices,  and  one  oro-anal  aperture.  Tnere 
are  no  true  radial  plates.  The  whole  of  the  test  with  the  ex- 
ception, perhaps,  of  the  ambulacra  belongs  to  the  perisomatic 
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8.   On0te  occurrence  of  Embryonic  forma  amortg  the  Palaxoie 
Echinoderma. 


(ukrigera  San,  (eopiod  firom  Kit 

;  b,  part  of  the  body  nf  tlM  Imt; 

poaiQon  of  the  permaaMit  moatti,  ta 

>t  opeD ;  d,  one  of  the  Ave  aoibulacnl  cMilt ; 

A  rand  canal,  /  mad' eporic  plate;   m,  entninoe  into  At 

Etomach ;  p,  <esopha^ua;  p,  Urval  month  or  paendorttH; 

r,  ceBophogGol   ring:  v,  vent      9.  Ideal  B^tire  tteacrlied 

below.     10.   Ood<mtU»  tldH/ormis,  oblique  view  to  nluw 

both  body  Bod  eummit     11.  Smnmit  of  fl^.  10. 

No  propoaitioQ  in  Natural  History  lias  been  more  cleariT 
demonstrated  than  this : — That,  in  genera!,  the  paleozoic  am- 
mala  resemble,  both  in  external  form  and  internal  stnictare,  the 
embryonic  stages  of  those  of  the  same  class  at  present  existm 
Prof  Agassiz  has  long  taught  in  his  lectures  and  rarious  pno- 
lications,  that  this  is  especially  observable  in  the  EchinodermitL 
Judging  from  the  figures  and  descriptions  of  Miiller,  Agaasii, 
Thomson,  Carpenter  and  otherS;  I  should  say,  that  in  thJB  clusi 
the  most  striking  resemblance  is  that  which  occurs  between  tie 
adult  stages  of  the  Cystidea,  Blastoidea,  and  Crinoidea,  on  the 
one  hand,  and  the  embryonic  Star-fiahes  on  the  other.  The 
structural  character  that  has  the  most  important  bearing  on  the 
subjects  discussed  in  these  notes,  is,  that  in  all  four  of  iheee 
groups,  the  mouth  is  situated  in  one  of  the  interradial  areas,— 
not  in  the  ambulacral  center,  as  it  is  in  the  adult  forms  of  the 
existing  Echinodermata. 

In  mpinaria  aslerigera  Sara,  according  to  Miiller,  the  digflstare 
cavity  is  a  sub-globular  sack  without  any  extensions  into  the 
rays,  as  there  are  in  the  adult  Star-fiahea.  The  oesophagus,  figi 
8,  0,  is  a  fleshy,  consistent  tube,  with  a  large  month  or  psendos- 
tome,  p.  It  pass«a  through  the  wall  of  the  stomach  by  an  open- 
in<r  somewhat  smaller  than  the  mouth,  and  situated  in  one 
of  the  interradial  spaces  at  m.  The  madreporic  plate,  /  and 
sand  canal,  «,  the  latter  holding  the  convoluted  plate  (whai  it 
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jurs),  are  situated  above  the  orifice,  m,  and  between  it  and  the 
bulacral  center,  c.  The  circular  space  at  c,  is  undoubtedly 
5  homologue  of  the  central  space  in  the  apex  of  Nucleocrintts, 
s.  3  and  6,  and  of  Codonttes,  figs.  10  ana  11.  It  is  also  the 
sition  of  the  mouth  in  the  adult  Star-fish  ;  but  in  the  larval 
e  it  is  completely  closed  by  the  soft  external  skin  and  sar- 
e  of  the  body.  In  the  fossils  it  is  also  closed,  but  by  an 
;i^ainent  of  thin  calcareous  plates.  The  Bipinnaria  is 
orished  by  minute  particles  of  matter  diffused  tiirough  the 
iter,  and  drawn  into  the  digestive  sack  through  the  mouth 
d  oesophagus  by  the  action  of  interradial  cilia.  I  believe 
Sit  all  the  fossil  Crinoidea,  Blastoidea  and  Cystidea,  ingested 
eir  food  in  this  way,  and  without  any  aid  whatever  from  the 
□as  or  pinnulse. 

Perhaps  there  is  no  embryologist  who  will  not  admit,  that  it 
possible  for  an  animal  like  Bipinnaria  to  develope  organs  of 
production  and  propagate  its  species,  none  of  its  other  parts 
eddng  any  farther  advance.  Such  an  animal,  with  some 
ght  modifications,  would  not  be  very  widely  different  from  a 
Jeozoic  Crinoid.  If  the  sarcodic  body  wall  were  to  be  con- 
lidated  into  a  thin  calcareous  integument,  with  the  mouth 
^en  with  the  surface,  the  swimming  appendages  aborted,  and 
.e  vent  closed  up,  it  would  resemble  tne  cup  of  an  Aciinocri- 
18^  fig.  9,  a.  The  lateral  orifice  would  then  be  both  mouth 
id  vent,  as  it  is,  at  first  (according  to  Prof  A.  Agassiz,  Seaside 
xidies,  p.  125\  in  the  embryo  of  Asteracanthion  Berylinus, 
be  ambulacra!  canals  of  Bipinnaria  are  the  homologues,  in 
general  way,  of  those  which  are  found  beneath  the  vault  of 
ciinocrinus^  and  extend  out  into  the  grooves  of  the  anna  If 
le  ventral  perisome  of  the  Crinoid  were  to  be  removed  (the 
itemal  organs  remaining  undisturbed)  the  arrangement  dis- 
osed  would  be  that  represented  in  fig.  9, — a  convoluted  plate 
I  the  center  with  the  canals  radiating  fix)m  it  The  most  strik- 
ig  difference  is  the  absence  of  the  oesophageal  ring.  Accord- 
ig  to  the  organization  of  Actinocriwis  there  could  be  no 
lephagus  at  that  point,  and  consequently  there  is  no  ring.  The 
involuted  plate  represents  the  madreporic  apparatus.  The 
icking  feet  of  the  Star-fish,  most  probably,  represent  the  re- 
)iratory  tentacles  that  border  the  grooves  of  the  Crinoids,  but 
lodified  into  prehensile  and  locomotive  organs.  Bipinnaria 
ad  Actinocrinus  agree  in  having  the  mouth  in  one  of  the  inter- 
dial  areas,  and  in  the  absence  of  an  orifice  through  the 
^risome  at  the  ambulacral  center.  These  two  characters  are 
nbryonic  and  transitory  in  the  Star-fish,  but  they  were  perma- 
jnt  m  most  paleozoic  Crinoids. 

In  Codonitea  steUiformis  {Pentremites  steUiformis  Owen  and 
homard),  figs.  10,  11,  the  ambulacral  center,  c,  is  completely 
Am.  Joub.  Sci.— Second  Sbribs,  Vol.  L,  No.  149.— Sift.)  18T0. 
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closed.  Five  minute  grooves  radiate  out  to  the  extremities  of 
the  five  angles  of  the  disc  These  grooves  are  identical  with 
those  of  Pentremites  and  Nucleocrinus  and  were  occupied  by 
the  ovarian  tubes.  The  ambulacra!  canals  of  the  true  Crinoi(M 
and  of  the  Star-fishes  are  represented  in  a  rudimentary  condi- 
tion, in  this  species,  by  the  hydrospires  which  open  out  to  the 
surfkce  through  the  ten  fissure-like  spiracles,  s.  The  oro-anal 
orifice  is  inteiradiaL  C  stelliformis  in  external  form,  the  inter- 
radial  position  of  the  mouth,  and  the  closed  ambulacral  center, 
resembles  Bipinnaria  HJidActinocriniLs,  but  differs  importantlj  in 
having  its  respiratory  organs  arranged  in  ten  separate  tracts,  all 
totally  disconnected  from  each  other.  It  is  a  lower  form  than 
ActinocrintiSj  which  in  its  turn  is  lower  than  Biptnnariaj  and 
yet  all  three  are  constructed  on  the  same  general  plan. 

C.  stelli/ormisj  although  much  resembling  a  Pentremite,  is  a 
true  Cystidean.  Its  affinity  to  Codaster  was  first  pointed  ont 
by  Dr.  C.  A.  White,  who  also  suggested  that  it  should  be  as- 
signed to  a  distinct  group.  (Bost  Jour.  N.  H.,  voL  vii,  m 
486,  487).  The  main  difference  between  the  Cystidea  and  ue 
Blastoidea  is,  that  in  the  former  the  hydrospires  do  not  com- 
municate with  the  pinnulsB,  whilst  in  the  mtter  the  cavities 
of  the  pinnulse  and  nydrospires  are  directiy  connected  by  the 
ambulacral  pores. 

The  developement  of  the  recent  Crinoid  Antedon  rosaent^ 
as  described  by  Prof  WyviUe  Thomson  (PhiL  Trana,  1868), 
pursues  a  course  that  could  not  possibly  result  in  the  produc- 
tion of  such  an  animal  as  Actinocrtnvs.  The  pseudembryo,  as 
it  is  called  by  Prof  Thomson,  is  a  small  ovate  organism,  widi 
four  transverse  ciliated  bands,  a  large  key -hole-shaped  month 
(pseudostome),  and  a  small  circular  vent  (pseudoproct).  These 
orifices  are  connected  by  a  rudimentary  mtestine  (pseudooele). 
In  this  stage  there  is  no  trace  of  radiation,  and  the  mouth, 
therefore,  cannot  be  said  to  be  interradial  in  its  position. 

The  nascent  Crinoid  originates  within  the  pseudembryo,  bnt 
developes  a  mouth,  vent  and  stomach,  of  its  own,  all  quite  dis- 
tinct firom  those  of  its  nursa  This  new,  or  permanent  month, 
is  for  a  short  time  both  oral  and  anal  in  its  function,  but  al- 
though in  this  respect  it  resembles  that  of  Actinocritmsj  its  po- 
sition in  the  center  of  the  ambulacral  system,  shows  it  to 
represent  the  mouth  of  the  adult  Star-fish,  while  that  ofAetiwh 
cnnus  rather  homologates  with  the  oral  orifice  of  the  jBgjw- 
naria.  At  no  time  during  its  development  does  the  ventral 
perisome  exhibit  the  structure  of  that  of  the  paleocrinoids, 
1.  e.,  no  orifice  in  the  ambulacral  center,  and  at  tne  same  time 
one  in  an  interradial  space.  In  the  central  position  of  its  mouth, 
and  in  the  possession  of  an  oesophageal  ring,  Antedon  stands 
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''e  Actinoci-inus  in  rank,  and  between  it  and  the  adult  Star- 
In  none  of  its  stages  does  it  resemble  a  Bipinnaria  either 
»nn  or  in  structure. 

^  some  of  the  objections  that  have  been  advanced  against  the 
views  advocated  in  the  preceding  notes, 

I  all  the  known  species  of  the  existing  Echinodermata,  the 
th  is  situated  in  the  center  of  the  ambulacral  system,  and 
contended  that  this  fact  proves  that  such  must  have  been 
osition  also  in  the  paleozoic  forms. 

[lis  reasoning  is  not  strictly  logical  It  is  true  that  in  the 
vn  existing  species,  the  mouth  is   in  the  center,  but  it 

not  certainly  follow  that  it  is  so  in  all  the  Echinodermata, 
ig  and  extinct  Whether  it  be  so  or  not  in  any  particu- 
fossil  species  whose  structure  may  be  under  investigation, 

question  of  fact  which  can  only  be  positively  determined  by 
t  observation  of  specimens.     On  appealing  to  these  we  find 

in  a  large  proportion  of  the  fossil  forms,  there  is  no  aper- 
in  the  perisome  at  the  ambulacral  center.  It  also  becomes 
ent  by  the  comparison  that,  in  general,  the  paleozoic  spe- 
resemble  the  embryonic  stages  of  some  of  the  recent 
noderms,  and  that  in  these,  (Bipinnaria  for  instance),  the 
th  is  interradiaL  Bules  such  as  is  relied  on  in  this  case, 
i  a  certain  amount  of  presumptive  evidence,  which,  how- 

cannot  prevail  against  material  and  visible  facts.  When 
an  see  clearly  that  there  is  no  aperture  in  that  point,  in 
'-ault  of  a  Crinoid,  beneath  which  we  know  the  ambulacral 
3r  is  situated,  it  is  perfectly  useless  to  supply  one  by  de- 


lon.* 


le  second  objection  is,  that  many  of  the  fossils  have  a 
yceras  attachea  to  them,  in  such  a  position  as  to  cover  the 
ture  which  I  call  the  mouth,  and  under  such  circumstances 
induce  the  belief  that  it  lived  parasitically  on  the  Crinoid. 
only  answer  I  can  make  to  this  is  that,  admitting  the  facts, 
lust  suppose  that  space  was  left  for  a  stream  of  water  to 
under  the  edge  of  the  shell,  into  the  mouth  of  the  Crinoid. 
eneral,  where  one  animal  lives  parasitically  upon  another, 
•es  not  destroy  its  host  Some  of  the  gasteropods  of  the 
>Dian  and  Carboniferous  ages,  were  carnivorous,  as*  is 
ed  by  the  bored  shells  and  Crinoids  that  are  occasionally 
d.     I  have  seen  a  number  of  such  specimens,  and  several 

le  position  of  the  ambulacral  center  may  thus  be  found.  When  the  mouth 
mtriCf  the  ambulacral  tubes  usually  converge  to  the  center  of  the  vanlt 
hen  the  mouth  is  central,  we  flr»t  find  the  azjgos  interradius,  in  general 
recognized  by  its  possesrting  a  greater  number  of  plates  than  do  any  one  of 
tier  four  interradii.  On  the  opposite  side  of  the  fossil  is  the  azjgos  arm. 
nbulacral  center  is  always  situated  between  this  arm  and  the  mourai,  never 
aide  of  the  mouth  toward  the  acygos  interradiiu. 
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years  ago  I  read  a  paper  on  the  subject  (which  was  ncTerpub- 
lished)  before  the  Natural  History  Society  of  Montreal  Tlere 
were  several  good  Conchologists  preaent,  and  the  specimens  ex- 
hibited were  compared  with  bored  shells  of  existing  species. 
All  pronounced  the  style  of  workmanship  to  be  precisely  the 
same.  I  have  the  proboscis  of  an  Actinocrinus  that  is  bored 
near  the  base,  and  among  the 
fossils  lent  me  by  Mr.  Wach- 
smuth,  is  a  Codontiea  at^i^Tmii, 
that  IS  bored  through  one  of  the 
ambulacra.  The  view  I  took  of 
the   subject   in   my  paper,  was 

_ that  the  gasteropod  ascended  the 

Fi,  It  »tyuTkw«^u,  ft«*«.  A  stalk  of  the  Cnnoid,  and  thrust 
2!^JSd"i^™t>.V  co^^dftS^LtoSnSf  its  proboscis  into  the  mouth  erf 
D„on.«,  c«i«iv  the  latter.      The    Cnnoid  then 

slowly  drew  its    arm   together,  and  held  the  shell  fiist  uotil 
both  died. 

A  third  objection  is  the  small  size  of  the  aperture  in  some 
of  the  species.  In  general,  where  there  is  no  proboscis,  the  ori- 
fice is  from  one-twentieth  to  one-tenth  of  an  mch  in  diameter, 
quite  sufficient  for  an  animal  that  subsislA  on  microscopic 
organisms.  It  is  stated  by  Meek  and  Worthen  that  where 
there  is  a  proboscis,  the  aperture  is  sometimes  scarcely  "  more 
than  one-hundredth  of  an  inch  in  diameter."  I  believe  that  in 
many  such  instances  the  tube  filled  up  by  calcareous  depoeita 
on  its  inside,  and  that  when  entirely  obstructed,  either  a  new 
aperture  opened  out  in  the  side  of  the  proboscis,  or  that  the 
animal  died.  In  Mr.  Wachsmuth's  collection,  I  saw  a  speci- 
men with  a  second  aperture  in  process  of  formation.  A  ticket 
was  attached  to  it  by  him,  giving  this  explanation.  I  am  also 
informed  that  in  some  of  the  existing  species  of  Anta^  "the 
mouth  is  an  exceedingly  minute  apertura" 

A  fourth  objection  is  that  the  aperture  is  so  situated  ^t 
the  arms  could  not  have  conveyed  food  to  it     It  is,  however, 

S roved  by  Dr.  W.  B.  Carpenter,  that  in  the  recent  Crinoids 
le  arms  are  not  prehensile  oigans.  The  animal  whUe  feeding 
remains  motionless,  attached  by  its  dorsal  cirrhi  to  a  stone, 
shell,  or  other  object  on  the  bottom.  Its  arms  are  dther 
stretohed  out  to  their  full  length,  or  more  or  less  coiled  up,  hnl 
quite  immovable.  As  Dr.  Carpenter's  remarks  have  a  verj 
important  bearing  upon  the  subject,  I  shall  take  the  liberty  of 
quoting  the  following ; — 

"  Whatever  may  be  the  purpose  of  the  habitual  expansioD 
of  the  arms,  I  feel  quite  justified  that  it  is  not  (as  stated  by  kf- 
eral  authors  whom  I  have  cited  in  my  historical  snmmarj)  the 
prehension  of  food.    I  have  continually  watched  the  reeotts  of 
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contact  of  small  animals  (as  Annelids,  or   Entomostracans 

other  small  Crustaceans)  with  the  arras,  and  have  never  yet 
I  the  smallest  attempt  on  the  part  of  the  animal  to  seize 
n  as  prey.  Moreover,  the  tubular  tentacula  with  which  the 
8  are  so  abundantly  furnished,  have  not  in  the  slightest  de- 
?  that  adhesive  power  which  is  possessed  by  the  "  feet  "  of 
EcHiNiDEA  and  Asteriada  ;  so  tliat  they  are  quite  incapable 
ssisting  in  the  act  of  prehension,  which  must  be  accomplished, 
it  all,  either  bv  the  coiling-up  of  a  single  arm,  or  by  the 
ing-together  of  all  the  arms.  Now  I  have  never  seen  such 
ing  up  of  an  arm  as  could  bring  an  object  that  might  be  in- 
led  in  it  into  the  near  neighborhood  of  the  mouth ;  nor  have 
en  the  contact  of  small  animals  with  a  single  arm  produce 

movement  of  other  arms  towards  the  spot,  such  as  takes 
e  in  the  prehensile  apparatus  of  other  animals.     Moreover, 

object  that  could  be  grasped  either  by  the  coiling  of  one 
,  or  by  the  consentaneous  closure  of  all  the  arms  together 
a  it,  must  be  far  too  large  to  be  received  into  the  mouth,  which 
f  small  size  and  not  distensible  like  that  of  the  Astbroida.^^^ 

'arther  on  Dr.  Carpenter  says : 

It  was  affirmed  by  M.  Dujardin  (I'Institut,  No.  119,  p.  268) 
;  the  arms  are  used  for  the  acquisition  of  food  in  a  manner 
gether  dissimilar  to  ordinary  prehension ;  for  recognizing  the 
that  the  alimentary  particles  must  be  of  small  size,  he  suppo- 
that  any  such,  falling  on  the  ambulacral  (?)  furrows  of  the 
s  or  pinnse,  are  transmitted  downwards  along  those  furrows  to 
mouth  wherein  they  all  terminate,  by  the  mechanical  action  of 
digitate  papillae  which  fringe  their  borders.  This  doctrine  he 
ears  to  have  abandoned ;  since  in  his  last  account  of  this  type 
$t.  Nat.  des  Echinoderms,  p.  194)  he  affirms  that  the  trans- 
jion  of  alimentary  particles  along  the  ambulacral  (?)  furrows 
le  result  of  the  action  of  cilia  with  which  their  surface  is  clot- 
Although  I  have  not  myself  succeeded  in  distinguishing  cilia 
he  surface  which  forms  the  floor  of  these  furrows,  yet  I  have 
inctly  seen  such  a  rapid  passage  of  minute  particles  along 
r  groove  as  I  could  not  account  for  in  any  otner  mode,  and 
therefore  disposed  to  believe  in  their  existence.  Such  a  power- 
indraught,  moreover,  must  he  prodisced  about  the  region  of  the 
ithy  by  the  action  of  the  large  cilia  which  {as  I  shall  hereafter 
vibe)  fringe  various  parts  of  the  internal  wall  of  the  alimentary 
ilj  cu  wotdd  materially  aid  in  the  transmission  of  minute  par- 
s  along  those  portions  of  the  ambulacral  {?)  furrows  which  im- 
lately  lead  toward  it ;  and  it  is,  I  feel  satisfied,  by  the  con- 
fc  agency  of  these  two  moving  powers  that  the  alimentation  of 
edon  is  ordinarily  affected.  In  the  very  numerous  specimens 
I  Arran  the  contents  of  whose  digestive  cavity  I  have  exam- 
,  I  have  never  found  any  other  than  microscopic  organisms ; 

Researches  on  the  Structure.  Physiology,  and  Development  of  Aniedon  (Com- 
,  Lamk.)  i-oaaceus. — Part  I.  By  W.  B.  Carpenter,  M.D.,  F.R.S.  Philoeophical 
factions  of  the  Rojal  Society,  vol.  dvi,    Part  II.  1866 
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and  the  abundance  of  the  horny  rays  Peridinium  tripos  (£hr.) 
has  made  it  evident  that  in  this  locaUty  that  luftisorinin  was  one 
of  the  principal  articles  of  its  food.  !but  in  Antedons  from  other 
localities,  I  have  found  a  more  miscellaneous  assemblage  of  ali- 
mentary particles ;  the  most  conmion  recognizable  forms  being  the 
homy  casings  of  Entomostbaca  or  of  the  larvsB  of  higher  Ckus- 
TACBA."     (Op.  cit.,  p.  VOO). 

The  existence  of  large  cilia  within  the  intestinal  canal,  capa- 
ble of  producing  a  powerful  indraught  of  water,  renders  any 
movement  or  concurrent  action  of  the  arms  quite  unnecessary 
in  the  ingestion  of  food.     It  does  not  matter,  therefore,  in  what 

Eart  of  the  body  the  mouth  of  a  Crinoid  may  be  situated,  or 
ow  remote  from  the  reach  of  the  arms.  Attached  permanently 
to  the  bottom  of  the  sea  by  their  columns,  the  paleozoic  Cn- 
noidea,  Cystidea  and  Blastoidea  remained,  while  feeding,  most 
probably  motionless,  drawing  in  streams  of  water  through  their 
mouths  by  the  action  of  then*  intestinal  cilia.  The  long  tubu- 
lar proboscis,  with  which  many  of  the  species  are  provided, 
would  be,  thus,  analogous  in  function  to  the  siphon  of  Ae 
acephalous  mollusca.  The  indigestible  particles  would  be, 
from  time  to  time,  thrown  out  through  the  mouth,  just  as  a 
Star-fish  or  a  Zoophyte  frees  itself  of  the  refuse  portions  of  its 
food,  by  casting  it  out  of  the  same  aperture  through  which  it 
entered. 

10.   On  the  Theory  that  the  ambulacral  and  ovarian  orifices  are 

the  oral  apertures. 

Assuming  that  the  four  objections  above  noticed  are  suffi- 
cient to  prove  that  the  aperture  which  I  call  the  mouth  is  not 
that  organ,  it  is  contended  that  the  Cystidea,  Blastoidea  and 
Palaeocrinidea  ingested  their  food  through  their  ambulacral  and 
ovarian  orifices.  This  appears  to  me  in  the  highest  degree  im- 
probabla  In  the  recent  Crinoids  the  grooves  of  the  arms  are 
occupied  by  four  sets  of  tubes,  which  Dr.  Carpenter  calls  the 
coeUac,  the  sub-tentacular,  the  ovarian  and  the  tentacular  canalai 
None  of  them  communicate  with  the  stomach.  It  is  impossi- 
ble that  the  most  minute  particle  of  food  could  gain  access  into 
the  interior  of  the  animal  through  any  of  them.  The  struc- 
ture of  the  arms  of  the  paleozoic  Cnnoids  is  such,  that  we 
must  presume  that  their  grooves  were  occupied  by  similar 
tubes,  which  passed  through  the  ambulacral  orifices  into  the 
perivisceral  space.  In  the  Cystidea  and  Blastoidea  the  respira- 
tory organs  were  not  situated  in  the  grooves  of  the  arms,  and 
the  ambulacral  orifices  were  therefore  only  ovarian  in  their 
function.  The  improbability  of  their  being  also  oral  aper- 
tures is  best  shown  by  an  illustration. 
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fig.  18,  is  represented  (natural  size)  the  apertures  of  the 
13-  !*•         smallest  specimen  of  Garyocrinus  omatus, 

in  our  collection,  selected  for  the  present 
purpose  because  in  the  young  of  this  spe- 
cies, the  valvular  orifice  is  larger  in  pro- 
portion to  the  size  of  the  disc,  than  it  is  in 
the  adult  It  is  in  this  specimen,  about 
third  of  the  whole  width  of  the  apical  disc,  while  in  a  ftdl 
m  Garyocrinus  it  is  only  one-ninth  of  the  width.  The 
5  proportional  size  of  the  mouth  according  to  age,  occurs  in 
non  rosaceus.  The  valvular  mouth  at  first  is  as  wide  as 
lisc.  But  as  the  age  of  the  animal  increases  the  disc  grows 
T  but  the  mouth  does  not  The  ovarian  pores  in  Oaryocri- 
are,  however,  as  large  in  the  small  ones  (once  they  make 
•  appearance)  as  they  are  in  those  full  grown.  For  recog- 
ig  taese  as  ovarian  pores  we  have  the  following  reasons : — 
'hey  are  situated  at  the  bases  of  the  arms  where  the  ovarian 
8  must  pass  fix)m  the  grooves  into  the  perivisceral  cavity. 
Then  compared  with  the  ovarian  pores  of  a  Sea-urchin  they 
}  the  same  size,  form  and  aspect  Fig.  14,  represents  the 
ian  pores  of  the  Sea-urchin  Toocopneustes  Drobachiensis  Ag. 
ral  size  and  arrangement  It  may  not  appear  at  first  view 
this  latter  comparison  has  any  probative  enect  But  it  has, 
lis  way.  K  these  apertures  in  Garyocrinus  were  large  open- 
a  line  wide,  as  are  some  of  the  ambulacral  orifices  of  the 
oids,  I  would  say  that  they  were  unlike  true  ovarian  apertures, 
ccording  to  the  new  theory,  this  Echinoderm  Garyocrinus 
tus  was  a  polystome  animal,  and  drew  in  its  food  through 
Lx  ovarian  apertures,  the  large  valvular  orifice  being  the 
L  To  me  this  appears  to  be  utterly  incredible, 
fig.  14  I  have  represented  the  mouth  of  Leshia  mirabilis 
r.  Both  Dr.  I.  E.  Gray  and  Prof  Lov^n  have  pronounced 
aperture  to  have  the  structure  of  the  valvular  orifice  of  the 
iaea  I  have  not  the  slightest  doubt  whatever  but  that  the 
th  of  the  Cystideans  foreshadows  that  of  the  Sea-urchins. 
:e  is  nothing  whatever  in  its  structure  to  shbw  that  it  is  not 
nouth  but  on  the  contrary. 

le  new  theory  is  not  founded  upon  any  peculiarities  in  the 
jture  of  the  ambulacral  orifices,  which  would  show  that 
are  oral  apertures,  but  only  upon  the  four  objections 
'e  noticed.  The  first  of  these  is  not  logical,  while  at  the 
J  time  it  is  purely  theoretical,  and  avails  nothing  against 
jrial  and  visible  facts.  The  fourth  is  completely  disposed 
Y  Dr.  Carpenter's  observations,  which  prove  that  in  the 
oidea  the  arms  have  no  share  whatever  in  the  ingestion  of 
.  The  second  and  third  objections  are  the  same  in  sub- 
36,  i  e.,  according  to  the  second  the  supply  of  water  to  the 
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mouth,  is  diminished  by  the  occurence  of  a  Platycerus  over  it, 
while,  according  to  the  third,  the  same  effect  is  produced  by 
the  small  size  of  the  aperture  itself  in  some  instances.  It  does 
not  require  much  consideration  to  convince  one,  that  if  these 
two  objections  are  fatal  to  my  views,  they  are  equally  so  to  the 
opposite  theory.  In  C.  stetliformis,  for  instance,  the  pores 
through  which  we  must  suppose  the  ovarian  tubes  issued  frwn 
the  interior  are  only  large  enough  to  admit  of  the  passage  of  a 
fine  hair.  They  are  scarcely  visible  to  the  naked  eye.  The 
tube,  under  any  circumstances,  must  have  filled  them  ahnost 
entirely.  K  any  space  at  all  were  left  for  the  passage  of  a 
stream  of  water  through  the  pore  by  the  side  of  the  tube  it 
must  have  been  exceedingly  minute. 

When  weighed  as  above,  therefore,  the  evidence  gives  the 
following  results : — The  first  and  fourth  objections  avail  noth- 
ing. The  second  and  third  militate  against  both  theoriea  But 
when  we  take  into  account  that  in  ho  instance,  in  the  existing 
Echinodermata,  where  ovarian  pores  occur,  are  they  at  the  same 
time  oral  orifices,  the  balance  seems  to  be  in  fevor  of  my  view. 
This  is  all  I  desire  to  say  upon  the  subject  at  present  Although 
I  now  firmly  believe  that  the  valvular  orifice  in  the  Cystidea, 
the  larger  lateral  aperture  of  the  Blastoidea,  and  the  so-called 
proboscis  of  the  paleozoic  Crinoids  are  all  oro-anaJ  in  function, 
yet  I  shall  not  maintain  that  view  obstinately  against  good 
reason  shown  to  the  contrary. 


Art.  XXrV. — Contributions  to  Chemistry  from  the  Laboratory  of 

the  Lawrence  Scientific  School     No.  12. 

§1. 

On  the  precipitation  and  determination  of  the  metals  of  the  magne- 
sium group  in  the  form  of  oxalates;  by  W.  GouLD  Leisok. 

Prof.  Gibbs  has  recently*  called  attention  to  the  fiwjt  that  a 
number  of  metallic  oxyds  may  be  completely  precipitated  irom 
their  neutral  solutions  by  means  of  oxalic  acio,  provided  that  a 
lar<re  excess  of  alcohol  be  also  added.  As  it  is  not  easv  to 
obtain  precise  quantitative  results  by  igniting  the  oxalates  so 
precipitated,  in  consequence  of  the  extreme  subdivision  of 
the  resulting  oxyds,  Prof  Gibbs  suggested  the  employment  of 
potassic  hyperraanganate  for  the  combustion  of  the  oxalic  acid, 
a  method  which — as  is  well  known — ogives  excellent  results  in 
the  case  of  calcic  oxalate  precipitated  in  the  ordinary  manner. 
The  following  investigation  was  undertaken  for  the  purpose  of 
testing  this  method  of  analysis : — 

«  This  Journal,  zliv,  p.  213. 
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Cadmium. — Cadmic  sulphate  was  dissolved  in  the  least  possi- 
j  quantity  of  water,  oxalic  acid  added  in  excess,  and  then  a 
ge  quantity  of  strong  alcohol  The  resulting  oxalate  was 
lutirally  crystalline,  and  the  precipitation  was  so  complete 
it  SH,  gave  in  the  filtrate  a  scarcely  perceptible  yellowish 
ga  The  oxalate  was  washed  with  alcohol  by  Bunsen's 
ithod  and  dried  at  110°  C,  until  every  trace  of  alcohol  was 
pelled.  The  filter  was  then  pierced  with  a  glass  rod,  and 
;  cadmic  oxalate  washed  into  a  flask  with  hot  diluted  sul- 
tiric  acid.  A  few  cubic  centimeters  of  strong  sulphuric  acid 
re  then  added,  and  the  hot  solution  titrated  with  potassic 
permanganate.  In  this  manner  four  experiments  gave  44*19 
ct,  44-65  pr.  ct,  44*88  pr.  ct,  and  44*27  pr.  ct  of  cadmium, 
computed  fi-om  the  oxalic  acid.  These  results  are  all  much 
>  high,  and  show  that  the  acid  had  acted  sensibly  upon  the 
ler.  Two  other  experiments  were  then  made.  In  the  first 
hot  solution  of  ammonic  sulphate  was  used  as  a  solvent  for 
B  oxalate ;  in  the  second  hot  dilute  chlorhydric  acid  was  em- 
jyed.  Of  the  hypermanganic  solution  employed  100  c.  c. 
Qtained  0*1103  gr.  of  available  oxygen. 

0*4330  gr.  cadmic  sulphate  required  24*5  c.c.  hypermanganate 

=  43-68  pr.  ct.  C4 
0*3724  gr.  cadmic  sulphate  required  21*1  c.c.  hypermanganate 

=  43*74  pr.  ct.  Ci 

le  received  formula  3CdS0  ^  +  8H ,  0  requires  43  '75  pr.  ct  In 
ese  two  analyses  the  filters  were  not  broken. 
Barium. — Baric  chlorid  gave  extremely  variable  results  in 
Y  first  experiment,  notwithstanding  the  fact  that  the  barium 
completely  precipitated  by  oxalic  acid  and  alcohoL  The 
mlting  oxalate,  after  washing  and  drying,  was  not  completely 
composed  by  sulphuric  acid,  which  appeared  to  form  a  crust 
banc  sulphate  upon  the  crystals  of  tne  oxalata  This  diflB- 
Ity  was  finally  overcome  by  dissolving  the  baric  oxalate  in 
lorhydric  acid  and  diluting  the  solution  largely.  In  this 
mner: 

J606  gr.  baric  chlorid  required  80  c.c.  hypermanganate  =  56*21 
pr.  ct.  Ba  (100  c.c.  hypermanganate  solution  contained  0*058 
gr.  available  oxygen).  The  formula  BaClg  +  2HaO,  requires 
56*15  pr.  ct.  Ba. 

Strontium. — To  avoid  the  use  of  paper  filters  so  as  to  be 
le  to  employ  sulphuric  acid  as  a  solvent,  I  resorted  to  sand 
ters.  A  fight  funnel  was  ground  truly  conical  near  the  throat 
little  pear  of  glass  with  a  long  stem  was  then  dropped  into 
B  funnel,  stem  upward.  In  this  manner  a  valve  was  formed 
passible  to  the  sand  laid  upon  the  ball  of  the  glass,  but 
owing  liquids  to  pass  fireely.    By  means  of  the  stem  the  valve 
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could  be  lifted  fix>m  its  seat,  and  the  sand  and  precipitate 
washed  together  into  a  flask,  after  careful  drying.  With  this 
arrangement : 

0'4292  gr.  strontic  nitrate  required  47*8  cc.  hypermanganate  = 
48-90  pr.  ct  SrO. 

0*3657  gr.  strontic  nitrate  required  40'8  cc.  hypermanganate  = 
48*90  pr.  ct.  SrO.  (100  cc.  hypermanganate  solution  con- 
tained 0*1099  gr.  ayailable  oxygen.) 

The  formula  Sr(N03)»  requires  48*93  pr.  ct  SrO.  Sulphuric 
acid  only  was  used  to  aecompose  the  oxalate. 

Calcium. — Iceland  spar  was  dissolved  in  chlorhydric  add, 
and  the  solution  treated  with  oxalic  acid  and  alcohol  The  fil- 
trate contained  calcium.  When,  however,  the  solution  was 
evaporated  to  dryness  before  adding  alcohol,  and  the  oxalate 
was  washed  on  a  sand  filter,  no  traces  of  calcium  could  be  de- 
tected in  the  filtrate.     In  this  manner: 

0*6090  gr.  CaCOg  required  70*6  cc.  hypermanganate  z=  56*10  pr.  ct 

CaO.     (100  C.C.  hypermanganate  corresponded  to  0*11559  gr. 

oxygen.) 
0*6690  gr.  CaCOj  required  77*6  cc.  hypermanganate  =  66*08  pr.  ct 

CaO.     (100  cc  hypermanganate  corresponded  to  0*1 1496  gr. 

oxygen.) 

The  formula  requires  56*00  pr.  ct  CaO.  Sulphuric  acid  only 
was  employed 

ifa^nmi/m.— When  magnesic  sulphate  is  treated  with  oxalic 
acid,  the  mixture  evaporated,  but  not  to  dryness,  and  alcohol 
added,  the  filtrate  is  perfectly  free  from  magnesium.  In  this 
manner: 

0*3243  gr.  MgSO.  +  '7H,0  required  39*6  cc  hypermanganate  = 

16*18  pr.  ct.  MgO. 
0-8949  gr.  MgSO.  +  7HgO  required  48*4  cc  hypermanganate  = 

16*25  pr.  ct.  MgO. 

In  these  analyses  the  oxalate  was  collected  on  a  paper  filter 
and  washed  into  the  flask  with  water  after  piercing  the  filter, 
which  was  washed  with  cold  dilute  sulphuric  acid.  Tne  formula 
requires  16*26  pr.  ct 

Zinc. — Zinc  is  completely  thrown  down  from  its  sulphate  by 
the  unmodified  process.  The  oxalate  forms  an  extremely  fine 
powder.  A  sand  filter  and  warm  dilute  sulphuric  acid  were 
employed. 

0*9301  gr.  sulphate  required  47*1  cc  hypermanganate  =  28*14 

pr.  ct.  ZnO. 
1*0788  gr.  sulphate  required  64*6  cc  hypermanganate  =  28*15 

pr.  ct.  ZnO. 

The  formula  requires  28*22  pr.  ct  ZnO. 
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Cobalt — ^Perfectly  pure  anhydrous  cobaltous  chlorid  was  pre- 
pared by  igniting  cnlorid  of  purpureo-cobalt  The  chlorid  was 
then  precipitated  by  oxalic  acid  and  alcohol,  collected  on  a  sand 
filter  and  digested  with  dilute  sulphuric  acid.  The  solution 
was  intensely  red.  A  solution  of  nickelous  sulphate  was  then 
added,  until  the  red  color  disappeared  and  a  faint  smoky  hue 
took  its  place.^    In  this  manner : 

0*4292  gr.  C0CI2  required  47*8  cc.  hypermanganate  =  45*30  pr.  ct. 

Co. 
O-SOoT  gr.  C0CI2  required  40*8  cc.  hypermaDganate  =  46-37  pr.  ct. 

Co. 

The  formula  requires  45*38  pr.  ct  (Co  =  59). 

Nickel — ^In  the  case  of  nickelous  sulphate  it  was  found  nec- 
essary, after  adding  the  oxalic  acid,  to  concentrate  the  mixture 
on  a  water  bath  before  adding  alcohol,  and  then  ftirther  digest 
for  about  half  an  hour,  replacing  the  alcohol  as  fest  as  it  evap- 
orated. The  oxalate  was  collected  on  a  paper  filter,  and,  after 
washing,  dissolved  in  ammonia  on  the  filter.  The  filtrate  was 
then  acidified  with  sulphuric  acid,  and  the  color  finally  dis- 
charged by  a  solution  of  cobaltous  sulphate.     In  this  manner : 

0*9585  gr.  nickelous  sulphate  required  42*2  cc.  hypermanganate 

=  28-5'7pr.  ct  NiO. 
1*0287  gr.  ni^Lelous  sulphate  required  45*3  cc  hypermanganate 

=  28*58  pr.  ct  NiO. 

The  formula  NiSO,  +  6H,0  requires  28*24  pr.  ct  NiO  (Ni  = 
68),  but  it  is  very  difficult  to  obtain  the  sulphate  in  a  perfectly 
dennite  state  of  nydration. 

Manganese, — ^Although  manganese  is  completely  precipitated 
from  its  soluble  salts  by  oxalic  acid  in  the  presence  of  alcohol, 
my  results  with  the  method  have  not  been  satisfectory,  owing 
as  I  suppose  to  my  not  having  a  definite  salt  for  analysis.  The 
following  analyses  show  at  any  rate  that  closely  corresponding 
results  can  be  obtained  when  the  same  substance  is  taken : 

0*3760  gr.  manganous  oxalate  required  30*50  cc  hypermanganate 

=  38*38  pr.  ct  MnO. 
0*4013  gr.  manganous  oxalate  required  32*55  cc  hypermanganate 

=  38*38  pr.  ct  MnO. 

The  salt  2C,MnO^  +  5H«0  when  dried  in  air  requires  37*77 
pr.  ct  MnO,  while  the  salt  analyzed  was  dried  at  100°  C.  In 
like  manner  two  analyses  of  a  sulphate,  which  had  probably 
absorbed  a  little  water,  gave  45*28  pr.  ct  and  45*29  pr.  ct  of 
MnO.  The  crystallized  sulphate  MnSO  ^  +  7H ,  0  requires  46*67 
pr.  ct 

^  Compare,  as  regards  this  method,  W.  Qibbs,  in  this  Journal,  toL  ziv,  p.  204. 
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Iron. — Good  results  could  not  be  obtained  by  the  application 
of  this  method  to  the  determination  of  iron,  but  I  am  not  at 
present  able  to  assign  the  re^ison  of  the  failure  in  this  case. 

To  complete  my  work  it  remains  for  me  to  point  out  the 
applicability  of  the  process  to  the  determination  of  the  whole 
quantity  of  oxygen  contained  in  a  number  of  bases  present 
togetlier  in  solution — a  problem  which  is  sometimes  of  interest 

Sulphates  of  Manganese,  Magnesium,  Nickel,  Cobalt,  Cad- 
mium and  Zinc  in  undetermined  quantities  were  dissolved  to- 
gether in  water,  and  the  solution  well  shaken.  Four  portions, 
of  100  C.C.  each,  were  then  taken,  and  the  acid  determined  in 
each  by  baric  chlorid-  In  two  other  equal  portions  the  bases 
were  precipitated  as  oxalates  and  titrated  as  abova  The  oxy- 
gen in  the  acid  was  then  calculated  from  the  amount  of  banc 
sulphata  In  this  manner  it  was  found  that  the  oxygen  in  the 
acid  was  to  that  in  the  mixed  bases  as  3  to  1  very  nearly,  the 
precise  ratio  bein^  in  the  one  case  as  0*054  is  to  0"018  and  in 
the  other  as  0*055  is  to  0*018.  Another  experiment  was  made 
with  a  crystallized  dolomite  containing  0*45  pr.  ct  of  insoluble 
residue.  The  lime,  magnesia  and  iron  were  precipitated  to- 
gether, and  titrated  as  oxalates;  the  carbonic  acid  was  deter- 
mined by  ignition.  In  this  manner  the  oxygen  of  the  acid 
was  found  to  be  to  the  oxygen  in  the  bases  as  34*48  is  to  17*28. 
The  bases  after  ignition  amounted  to  52*41  pr.  ct 

In  another  experiment  with  a  dolomite  from  a  different  local- 
ity containing  0*13  pr.  ct  of  insoluble  residue,  the  oxygen  ratio 
was  found  to  be  as  34*56  is  to  17*28,  the  bases  amounting  to  52*33 
pr.  ct  If  we  calculate  the  relative  quantities  of  calcic  and 
mamesic  carbonates  from  the  sum  of  the  two  oxyds  in  the  last 
analysis  and  the  oxygen  found  by  titrating  the  oxalate,  we  find : 

MgCO,  ....        42*77 

CaCOg 67-07 

InsoL  residue         -        -  0*18 

99*97 

the  small  quantity  of  ferrous  oxyd  present  being  n^lected. 
This  analysis  will  serve  to  show  the  applicability  of  the  method 
in  indirect  analyses.  My  results  appear  to  me  to  furnish  a  gen- 
eralization of  the  use  of  potassic  nypermanganate,  which  will 
be  received  with  fevor  by  those  wno  employ  this  reagent  fre- 
quently in  volumetric  analyses. 

§2. 

On  new  analytical  processes  ;  by  J.  H.  Talbott. 

1.  On  the  precipitation  of  zinc  and  manganese  as  sulphids, — 
Zinc  is  thrown  down  from  cold  solution  by  an  alkaline  sulphid 
in  the  form  of  a  slimy  mass  which  settles  slowly  and  is  ex- 
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tremely  difficult  to  wasL  The  precipitation  is,  however,  more 
complete  than  when  sodic  carbonate  is  used,  and  may  be  ren- 
dered very  ea^jr  and  rapid  by  the  following  process :  The  solu- 
tion of  zinc,  ii  acid,  is  to  be  neutralized  as  nearly  as  possible 
by  sodic  or  amnionic  carbonate.  To  the  boiling  solution  sodic 
or  animonic  sulphid  is  to  be  added,  a  large  excess  being  very 
carefully  avoideo.  The  white  precipitate,  on  continued  boiling, 
soon  becomes  granular,  and  settles  readily.  The  supernatant, 
clear  liquid  is  then  to  be  tested  with  a  drop  of  the  alkaline  sul- 
phid, to  be  sure  of  complete  precipitation,  and  the  sulphid 
then  washed  with  hot  water  by  Bunsen's  method.  The  filtrate 
is  perfectly  clear,  and  absolutely  fi-ee  from  zinc ;  the  washing  is 
easy  and  rapid.  The  sulphid  of  zinc  is  then  to  be  partiaJly 
dried  with  the  filter,  in  the  manner  recommended  by  Bunsen, 
brought  into  a  porcelain  crucible  and  ignited,  at  first  gently, 
and  afterward  strongly  with  firee  access  of  air.  The  expulsion 
of  the  last  traces  of  sulphuric  acid  is  much  facilitated  by  occa- 
sionally dropping  frajgments  of  ammonic  carbonate  into  the 
crucible.  Pure  ZnO  finally  remains,  the  ignition  being  contin- 
ued until  a  cx)nstant  weight  is  obtained.  In  this  manner  the 
following  results  were  obtained : 

0-8216  gr.  pure  ZnO  gave  0-3216  gr.  =  100-00  pr.  ct. 
0-3208  gr.  "  "  «  0-3209  gr.  =  10003  pr.  ct. 
0-2412  gr.  "  "  "  0-2410  gr.  =  99-91  pr.  ct. 
0-1786  gr.     "       "        "     0-1784  gr.=    99-94  pr.  ct 

In  zincic  sulphate,  which  had  probably  lost  a  little  water : 

0-6485  gr.  gave  0-1861  gr.  ZnO  =  28*64  pr.  ct 
0-6610  gr.  "  0-1868  gr.  "  =  2864  pr.  ct 
0-8198  gr.     "     0-2338  gr.     "     =z  28-62  pr.  ct 

The  formula  requires  28-29  pr.  ct  ZnO.  The  advantages  of 
this  process  over  the  older  methods  of  precipitating  in  the  cold 
are,  I  think,  very  evident,  even  if  only  the  saving  of  time  be 
taken  into  consiaeration. 

Manganese  may  be  precipitated  completelyfrom  its  boiling 
solutions  by  precisely  the  same  procesa  The  flesh-colored 
sulphid  is  granular  and  sometimes  even  sandy,  though  not 
distinctiy  crystalline,  and  may  be  washed  with  the  utmost 
&cility.  The  precipitated  sulphid,  after  washing  upon  a  filter, 
is  to  "be  redissolvea  in  chlorhydric  acid,  and  precipitated  as 
anmionio-phosphate  in  the  manner  proposed  by  Prof  GKbbs. 
To  test  the  method  with  a  perfectiy  definite  salt  of  manganese, 
manffanous  pjrrophosphate  was  selected,  dissolved  in  dilute 
chlornydric  acid,  and  the  solution  nearly  neutralized  by  sodic 
carbonata  To  the  boiling  solution  sodic  sulphid  was  then 
added,  and  the  manganese  finally  weighed — ^in  one  analysis  as 
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pyrophosphate,  in  another  as  anhydrous  sulphid  by  ignition 
m  a  currrent  of  SH,.     In  this  manner : 

0-3132  gr.  MnjPjO,  gave  0*3126  gr.  Mn^PaOy  =49-56  pr.  ct 

MnO. 
0-3786  gr.  MnjP^O,  gave  0-2810  gr.  MnS  =  49-66  pr.  ct  MnO. 

The  formula  requires  49-64  pr.  ct  MnO.  It  is  perhaps  worthy 
of  notice  that  ammonic  sulphid  does  not  completely  (^^compose 
manganous  pyrophosphate  under  the  circumstances  above  de- 
scribed. The  greater  portion  of  the  salt  is  precipitated  at  onoc 
as  crystalline  ammonio-phosphate  of  manganese. 

2.   On  the  quantitative  separation  of  tin  and  tungsten. 

The  quantitative  separation  of  tin  from  tungsten  has  always 
been  regarded  as  a  difficult  problem  not  hitherto  solved  in  a 
satisfactory  manner.  The  following  method  will,  I  think,  be 
found  to  leave  nothing  to  be  desired  as  respects  both  ease  and 
accuracy.  It  depends  upon  the  fact  that  stannic  oxyd,  SnO,, 
is  reduced  by  potassic  cyanid  with  great  facility,  whife  tungstc 
acid,  WO  3,  undergoes  no  reduction,  even  when  heated  with  tie 
cyanid  to  a  high  temperatura  The  oxyds  of  tin  and  tungsten 
are  to  be  heated  in  a  porcelain  crucible  with  3  or  4  times  their 
weight  of  commercial  potassic  cyanid,  previously  fused,  pulver- 
ized, and  thoroughly  mixed  with  the  two  oxyds.  The  mass  is 
kept  fused  for  a  short  time,  when  the  tin  separates  in  the  form 
of  metallic  globules,  while  the  tungstic  acid  unites  with  the 
alkali  of  the  potassic  cyanate  and  carbonate  present  After 
cooling,  the  mass  is  to  be  treated  with  hot  water,  which  dis- 
solves the  alkaline  tungstate  and  other  salts,  and  leaves  the  tin 
as  metal  This  is  to  be  filtered  off,  washed,  dried  and  weighed 
as  stannic  oxyd  after  oxydation  in  the  crucible  with  nitric  acid. 
The  tungstic  acid  is  most  conveniently  estimated  by  the  differ- 
ence, but  may  of  course  be  precipitated  by  mercurous  nitrate, 
after  boiling  the  solution  with  nitric  acid  to  decompose  the  ex- 
cess of  potassic  cyanid  present,  and  then  redissolvmg  the  pre- 
cipitated tungstic  acid  by  means  of  an  alkali.  To  test  the 
method,  weighed  portions  of  pure  stannic  and  tungstic  oxyds 
were  mixed  and  treated  as  above : 

0-6662  gr.  SnO,  and  0-6880  gr.  WO3  gave  0-6679  gr.  SnO,  = 
63-24  pr.  ct  The  calculated  percentage  of  stannic  oxyd  is 
here  63-11. 

0-7098  gr.  SnO^  and  0*6460  gr.  WO 3  gave  0-7096  gr.  SnO,  = 
66-61  pr.  ct.,  the  calculated  percentage  being  66-52. 

0-6878  gr.  SnO,  and  0-4373  gr.  WO3  gave  0-6406  gr.  SnO,  = 
66-43  pr.  ct,  the  calculated  percentage  being  66-16. 

0-6073  gr.  SnOo  and  0-4384  gr.  WO^  gave  0-6081  gr.  SnO,  and 
0*4349  gr.  WO3.     This  corresponds  to 
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Found.  Oalculated. 

Stannic  oxyd,  64-01  68-92 

Tungstic  oxyd,  46-23  46*08 

100-24  10000 

light  perhaps  be  objected  to  the  examples  given  above 
aployed  only  purely  mechanical  misrtures  of  stannic 
Stic  acids,  and  that  tnis  is  not  the  case  which  occurs  in 
I  made  the  following  additional  analyses :  Portions  of 
aetallic  oxyds  were  ftised  in  a  silver  crucible  with  pure 
irate ;  the  fused  mass  was  then  dissolved  in  water  and 
>xyds  precipitated  together  from  the  solution  by  nitric 
1  the  usual  precautions.  The  ignited  mixed  oxyds 
n  fused  with  potassic  cyanid,  as  above.     In  this  man- 

.  of  a  mixture  of  SnO^  and  WO,  gave  0*4211  gr.  SnO^ 

r-74  pr.  ct. 

.  of  the  same  gave  0*6661  gr.  SnOj  z=  67*61  pr.  ct 

unot  be  separated  from  molybdenum  by  ftising  the 
xyds  with  potassic  cyanid,  as  the  molybdic  acid  is 
tore  or  less  completely  reduced  to  a  lower  oxyd. 

§3. 

I  treatment  of  gelatinous  precipitates ;  by  Thomab  M. 

Chatard. 

iconveniences  and  loss  of  time  which  attend  the  wash- 
latinous  precipitates  are  familiar  to  all  chemists.  Even 
ods  of  washing  recently  introduced  by  Bunsen  are  not 
perfectly  satisfactory  in  their  operation  when  applied 
;lass  of  substances.  The  following  method  will  be 
think,  to  give  results  which  leave  nothing  to  be  de- 
'he  solution  containing  the  substance  to  be  determined 
imply  evaporated  to  perfect  dryness  with  a  small  ex- 
he  precipitant,  and  the  gelatinous  mass  stirred  with  a 

it  becomes  a  perfectly  dry  powder.  In  this  manner 
pitate  diminishes  extremely  in  bulk,  and  may  then  be 
vith  the  greatest  ease  upon  the  filter.  The  evaporation 
r  effected  with  sufficient  rapidity  on  a  water  batn.  The 
;  analyses  will  be  sufficient  to  show  the  degree  of  pre- 
tainable  by  this  process  in  the  cases  of  some  of  the 
uiliar  precipitates:  Weighed  portions  of  potassic  di- 
)  were  dissolved  in  very  small  portions  oi  water,  re- 
ith  chlorhydric  acid  and  alcohol,  the  excess  of  alcohol 

and  ammonia  added  in  excess.  After  evaporation,  in 
ler  above  described,  the  chromic  sesquioxyd  presented 
h  blue  granular  powder  very  easily  washeo. 
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0-7782  gr.  KaCrjO,  gave  0*4023  gr.  CfjO,  =  68'02  pr.  ct  cbio- 
mic  acid. 

1-6646  gr.  KjCr^O,  gave  0-8102  gr.  CrgOj  =  68M3  pr.  ct  chro- 
mic acid. 

The  formula  requires  68  "04  pr.  ct 

Alumina  treated  in  the  same  manner  is  also  very  easy  to 
wasL 

2-4097  gr.  potassic  alum  gave  0-2626  gr.  Al^O,  =  lO'BQ  pr.  cL 
1-9571  gr.       "  "         "      0-2130  gr.      "       =  10-88  pr.  ct 

The  formula  requires  10*86  pr.  ct 

The  process  applies  with  almost  equal  advantafi|e  to  iroa 
Weighed  portions  of  ammonio-ferrous  sulphate  were  dissolved  in 
water,  ana  sodic  chlorid  added  in  large  excess  to  furnish  solid 
matter  to  be  washed  out  The  iron  was  then  oxydized  with 
nitric  acid,  precipitated  by  anmionia,  and  evaporated  as  abova 

1-6824  gr.  gave  0-8229  gr.  Fe^Og  =  1428  pr.  ct  Iron. 
1-4840  gr.  gave  0*3019  gr.       "      =  14-24  pr.  ct  Iron. 

The  formula  requires  14*29  pr.  ct 

Nickelous  carbonate  also  loses  its  gelatinous  character  when 
treated  as  above.  0*2201  gr.  metalhc  nickel  gave,  after  solu- 
tion, precipitation  as  carbonate,  and  reduction  by  hydroeen, 
0*2199  gr.  metallic  nickel  =  99*91  pr.  ct  of  the  quantity  tak«L 
Cobaltous  carbonate  may  be  treated  in  the  same  manner,  but 
the  alkali  cannot  be  completely  washed  out,  and  the  method  is 
in  this  case  not  to  be  recommended. 

It  seems  at  least  extremely  probable  that  other  gelatinous 
oxyds  and  hydrates  will  give  equally  good  results  when  treated 
in  the  manner  which  I  have  described. 

§4. 

On  the  precipitation  of  antimonons  sulphid  from  boiling  solutions; 

by  Stephen  P.  Shakples. 

In  the  precipitation  of  antimonous  sulphid  I  have  found  it 
of  very  great  advantage  to  employ  the  following  process :  Into 
the  solution,  containing  as  usual  tartaric  and  free  chlorhydric 
acid,  a  current  of  sulphydric  acid  gas  is  to  be  passed,  the  hquid 
being,  during  the  pass^e  of  the  gas,  gradually  heated  to  the 
boiling  point  The  boiling  is  then  to  be  continued  for  15  or 
20  minutes,  the  current  of  gas  passing  uninterruptedly,  until 
the  voluminous  sulphid  has  become  a  dense  granular  powder, 
occupying  but  a  small  portion  of  the  oriffinal  volume  of  the 
sulphid-  The  sulphid  may  then  be  washed  with  ^reat  facility, 
and  dried  upon  a  sand  filter  at  200"^-  300°  C.  AU  the  deter- 
minations of  antimony  made  in  this  Laboratory  for  some  years 
have  been  executed  in  this  manner,  the  results  leaving  nothing 
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to  be  desired.  Arsenous  sulphid  does  not  become  granular 
and  dense  under  the  same  circumstances.  In  this  connection  I 
may  be  permitted  to  mention  that  the  sulphids  of  nickel  and 
cobalt,  when  precipitated  from  boiling  solutions  in  the  manner 
recommended  by  Prof  Gibbs  some  years  since,  should  be  fil- 
tered off,  and  washed  immediately  after  precipitation.  In  this 
manner  there  is  no  oxydation  upon  the  filter,  even  during  the 
drying  of  tiie  precipitate.  But  if  the  sulphids  are  allowed  to 
stand  in  the  solution  from  which  they  have  been  precipitated, 
for  even  a  few  hours,  they  will  usually  oxydize  upon  the  filter 
during  the  washing. 

§5. 

On  the  introduction  of  the  principle  of  repetition  into  chemical 

analysis;  by  Bryant  Godwin. 

The  method  of  repetition,  so  frequently  and  so  advantageously 
employed  in  physical  investigations,  has  not,  so  far  as  I  am 
aware,  been  applied  to  chemical  analysis.  It  seems  at  least  de- 
sirable that  it  should  be  so  applied,  and  I  will  here  give  a  par- 
ticular instance  in  which  it  may  be  employed  with  advaniaga 
In  the  determination  of  iron  by  means  of  potassic  hyperman- 
ganate,  all  the  iron  is,  at  the  end  of  the  operation,  in  the  form 
of  sesquioxyd,  while  there  is  also  a  very  small  excess  of  unre- 
duced hypermanganate.  When  the  solution  is  boiled  for  a 
short  time  with  pure  zinc-dust  and  then  filtered  through  a 
ribbed  filter,  which  is  quickly  washed  with  water  previously 
boiled  to  expel  air,  the  iron  is  whollv  in  the  form  of  ferrous 
ox vd,  and  the  process  of  titration  may  be  repeated  a  second  time. 
After  a  new  reduction  the  iron  may  again  be  determined,  and 
this  process  may  be  repeated  until  the  volume  of  liquid  becomes 
too  large  to  be  easily  handled.  The  following  analyses  were 
made  to  test  this  process : 

0*4785  gr.  ammonio-ferrous  sulphate  required  in  5  successive  titra- 
tions 49*0,  47*2,  48*7,  48"0,  48*5  cubic  centimeters  of  potassic 
hypermanganate,  1  c.c.  corresponding  to  0*0014  gt.  iron. 
'Hie  mean  of  these  5  determinations  gives  14*31  pr.  ct.  iron  in 
the  salt. 

0*4888  gr.  required  in  7  successive  titrations  49*5, 48*75,  50*5,  49*8, 
49*7,  49*8,  49*5  c.c.  of  hypermanganate,  the  mean  of  which 
gives  14*23  pr.  ct.  iron. 

The  formula  requires  14*27  or.  ct 

These  analyses,  which  witn  more  practice  and  experience  on 
my  part  would  doubtless  have  corresponded  much  more  closely, 
will  at  least  serve  to  show  that  the  principle  of  repeated  obser- 
vations of  the  same  quantity  to  be  measured  may  sometimes  be 
introduced  into  chemical  analysis. 

Am.  Joub.  Sol— Sboohd  Sbbus,  Vou  L,  Na  140.— Sbpt.,  1870. 
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Art.  XX VL — On  the  Corona  seen  in  Total  Eclipses  of  the  Sun; 

by  Professor  W.  A.  Nobton. 

Cebtain  observations  made  on  the  total  eclipse  of  the  sun 
of  August  7,  1869,  have  led  some  of  the  observers  to  the  eon- 
elusion  that  the  corona  seen  on  that  occasion,  and  in  previous 
eclipses,  is  of  the  nature  of  a  Solar  Aurora.  It  is  proper  thit 
it  should  be  publicly  stated  that  this  theory  is  not  a  new  ona 
It  has  been  advocated  for  several  vears  by  the  author  of  the 
present  communication,  both  in  puolications  and  in  public  lec- 
tures. It  is  essentially  involved  in  the  explanation  of  the 
Zodiacal  Light,  propounded  in  his  Treatise  on  Astronomy,  2nd 
edit  (1845) ;  ana  in  the  theoretical  views  set  forth  in  a  note 
appended  to  the  discussion  of  the  topic  of  Terrestrial  Ma^et- 
ism,  in  a  memoir  on  Molecular  Physics,  published  in  this  Jour- 
nal (1864-6).*  It  is  distinctly  presented  in  the  last  edition  of 
the  Treatise  on  Astronomy  (1867),  pp.  172,  174,  175,  and  17a 
I  propose,  in  a  communication  to  the  next  No.  of  this  Jomnal 
to  state  the  principal  grounds  upon  which  I  have  maintaiDed 
the  auroral  origin  of  the  corona  in  different  publications^  as 
well  as  give  the  results  of  my  own  observations  on  the  eclipse 
of  1869,  and  of  those  of  other  observers  of  that  and  previous 
total  eclipses,  which  lend  a  powerful  support  to  the  auroral 
theory  of  the  corona. 

This  introductory  notice  is  now  published  mainly  with  the 
view  of  calling,  at  an  early  day,  the  attention  of  astronomers 
who  may  observe  the  eclipse  of  December  next,  to  the  impor- 
tance or  noting  the  exact  positions,  with  respect  to  the  plane  of 
the  sun's  equator,  of  the  more  prominent  portions  of  wie  cor- 
ona. From  two  to  four  points  of  special  outstreaming  have 
been  observed  in  different  eclipses,  in  the  eclipse  of  last  year 
the  more  conspicuous  extensions  of  the  corona  were  nearly  in 
the  plane  of  tne  sun's  equator,  and  from  the  vicinity  of  the 

g^les.  The  figure  of  the  corona,  accompanying  the  Keport  of 
.  Prof.  Capelotti  of  observations  on  the  eclipse  of  April  15, 
1865,  made  at  Chili,  shows  the  same  to  have  oeen  the  case  in 
that  eclipse.  The  delineations  of  the  corona  as  seen  in  other 
eclipses,  so  far  as  I  have  been  able  to  ascertain,  fail  to  give  any 
accurate  indication  of  the  positions  of  the  more  prominent  parts 
from  the  absence  of  all  Imes  of  reference  in  the  drawings.  It 
is  to  be  hoped  that  observers  of  subsequent  eclipses  wifi  take 
the  precaution  to  ascertain  these  positions,  and  note  them  in 
their  Reports.  If  they  really  have  any  general  uniformity,  in 
different  eclipses,  the  fact  cannot  fail  to  throw  light  on  the  ori- 
gin and  nature  of  the  corona. 

^  See  this  Journal,  voL  zli,  No.  121,  pp.  T6,  71. 
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Art.  XXV  n. — Observations  on  Prehistoric  Archceohgy  in  Greece; 

by  George  Finlay,  LL.D.* 

A  FEW  objects  belonffing  to  the  stone  period  were  observed 
in  Greece  before  it  was  known  that  they  are  relics  of  the  people 
who  inhabited  the  country  in  prehistoric  times.  The  pieces  of 
[>b6idian,  generally  called  flint  by  travelers,  that  were  picked 
ap  on  the  tumulus  of  Marathon,  were  termed  Persian  arrow- 
heads. This  arose  from  a  strange  misapplication  of  the  men- 
tion of  stone  arrow-heads  having  been  employed  by  the  Ethio- 
pians in  the  army  of  Xerxes  by  Herodotus  (Folymnia,  vii,  69), 
who  says  they  used  short  arrows  of  reeds  pointed  with  a  stone 
with  wnich  they  engraved  their  si^eta  but  why  Datis,  who 
can  hardly  have  haa  any  Ethiopians  in  his  armj,  thought  it 
expedient  to  bring  to  Marathon  immense  quantities  of  stone 
arrow-heads  has  not  been  e^lained.  They  do  not  appear  to 
hAve  been  likely  to  prove  efncient  missiles  against  Athenian 
hoplites.  Yet  a  sagacious  traveler  like  Dodwdl,  in  1805,  says 
that  he  found  '*a  great  many  small  arrow-heads  of  bla^k 
flint,  which  probably  belonged  to  the  Persian  army."f  Even 
Colonel  Leske,  the  ablest  and  most  observant  of  modem  trav- 
elers, was  misled  by  this  opinion.  He  says,  "while  I  was 
employed  on  the  summit  of  the  Soros,  as  tne  tumulus  of  the 
Athenians  is  called,  my  servant  amused  himself  in  gathering 
at  the  foot  of  the  barrow,  a  great  number  of  pieces  of  black 
flint  which  happened  to  strike  his  observation.  These  flints 
are  so  nxmierous,  and  have  been  so  evidently  chipped  by  art 
into  their  present  form  like  gun  flints,  that  there  is  good  reason 
for  believing  them  to  have  been  the  heads  of  arrows  discharged 
by  the  Persians  who  fought  at  Marathon,  and  to  have  been 
interred  with  the  Athenians  after  having  been  gathered  fix)m 
every  part  of  the  plain  after  the  battla  Herodotus  shows  that 
some  of  the  barbarians  were  armed  in  this  manner,  though  his 
remark  is  applied  not  ;to  the  army  of  Darius  but  to  that  of 
Xerxes.  Flint  of  this  kind,  if  produced  in  any  of  the  adjacent 
parts  of  Greece  is  at  least  very  rare."  {Travels  in  Northern 
Greece,  voL  ii,  p.  431).  The  great  quantity  and  small  size  of 
the  fragments  found  in  the  tumulus  of  Marathon  caused  the 
writer  of  these  pages  to  doubt  the  possibility  of  these  fragments 
having  anything  to  do  with  the  Persians,  for  such  feeble  weapons 
as  they  could  form  must  have  been  useless  against  the  panoply 
of  the  Greek  infantry  of  the  period.  Had  they  been  employed 
the  glory  of  Marathon  would  be  a  vain  boast     Sir  Wilham 

*  From  a  letter  to  Mr.  H.  T.  DeForest,  dated  Athena,  Feb.  26,  18T0,  communi- 
cated by  him  for  this  Journal 

•f  A  daoflical  and  topographical  tour  through  Greece  during  the  years  1801, 1805 
and  1806|  by  Bdward  Dodwell,  Eaq.,  vol  ii,  p.  169. 
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Gell,  in  his  Itinerary  of  Cheece,  page  166,  mentions  that  simikr 
fragments  of  flint  are  found  at  tne  <rxi<f^v  ^^,  where  was  the 
tomb  of  Laius,  and  he  adds  '^  perhaps  a  confirmation  of  the 
discomfiture  of  the  barbarians  in  the  Odos  schtste,"  These  frag- 
ments of  obsidian,  wherever  they  are  found  in  Greece,  are  now 
admitted  to  be  relics  of  prehistoric  times,  and  a  carefiil  exami- 
nation of  the  tumulus  of  Marathon  convinced  the  writer  of 
these  pages,  as  early  as  the  year  1886,  that  they  were  seatteied 
about  in  the  soil  in  their  actual  state  when  it  was  heaped  up  to 
form  the  tumulus  over  the  bodies  of  the  Athenians  who  wett 
slain  in  the  battle.  The  material  is  obsidian  from  the  island  of 
Melos.     *    ♦    ♦    * 

No  traditions  of  the  existence  of  a  stone  period  appeir 
to  have  reached  the  inhabitants  of  Greece  in  historic  tunei, 
though  the  mythical  history  of  the  remains  of  Tyrinths  and 
Lykosura  ascend  almost  to  the  prehistoric  ases.  As  I  have 
already  mentioned,  my  attention  was  first  called  to  the  certainty 
that  a  numerous  race  of  people  in  Greece  used  stone  imple- 
ments by  the  fragments  of^  obsidian  picked  up  on  the  tummiu 
i^t  Marathon*  I  subse(][uently  observed  that  similar  fragmente 
of  obsidian  are  found  in  various  parts  of  the  neighborhood  in 
the  rear  of  the  Greek  position,  and  fiur  out  of  reach  of  the 
arrows  of  the  Persians.  I  also  found  myself  similar  cUps  of 
obsidian  over  all  Attica,  and  in  many  parts  of  Ghreece,  and 
several  of  the  islands  of  the  Archipelago,  where  no  native 
obsidian  can  ever  have  existed,  which  I  visited  after  my 
attention  was  directed  to  the  subject  I  have  picked  up  these 
so-called  Persian  arrow-heads  even  in  the  now  Duren  island  of 
Hydra.  My  first  notice  on  the  subject  was  published  in  the 
year  1836.  In  that  year,  while  examining  tne  topc^raphy  of 
Attica  I  discovered  the  extensive  deposit  of  fossil  Dones  at 
Pikermi,  of  which  there  is  a  valuable  collection  in  the  Museom 
of  Natural  History  at  Athens.  A  detailed  description  of  these 
remarkable  fossil  bones  was  published  by  Proiessor  Roth  of 
Munich,  in  the  Transactions  of  the  Boyal  Academy  of  Bavarii, 
and  they  have  since  been  described  in  the  splendid  work  of 
Monsieur  A.  G^udrj,  Antmaiut  fossiles  et  Oeologie  de  FAUiqut. 
In  a  notice  of  the  discovery  which  I  read  at  a  meeting  of  the 
Society  of  Natural  History  of  Athens  on  13th  December,  1886, 
I  observed  that  I  had  picked  up  fragments  of  obsidian,  called 
Persian  arrow-heads,  not  only  on  the  tumulus  of  Marathon  but 
also  at  Liosia  near  Aphidna,  at  Kakosialesi  near  Tanagra,  and 
at  Aghios  Kosmas  on  the  Attic  coast  When  my  memoir  on 
the  battle  of  Marathon,  which  was  read  to  titie  Koyal  Society 
of  Literature  in  January,  1888,  was  printed,  I  added  a  note 
"concerning  the  pieces  of  flint  called  Persian  arrow-heads 
found  in  the  tumulus  at  Marathon."  (Transactions  of  ihc 
Royal  Society  of  Literature,  first  series,  4to,  voL  iii,  p.  802). 
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]  have  since  collected  several  specimens  of  stone  implements, 
ticalarly  celts,  tliat  is,  axes  and  chisels  very  similar  in  form  to 
ae  found  in  the  lake  dwellings  of  Switzerland.  I  have 
ained  six  specimens  of  jade,  one  of  which  I  have  presented 
the  Museum,  with  a  similar  piece  which  I  procured  at 
benhausen.  I  have  also  a  fine  small  axe  of  nephrite,  and 
eral  others  of  extremely  hard  stones.  Unfortunately  it  has 
;  yet  been  in  my  power  to  ascertain  the  precise  mineralogical 
tracter  of  the  most  remarkable  of  my  specimens. 
I  have  obtained  several  fine  specimens  from  Dobrena  (the 
5  of  the  ancient  Thisbe)  where  a  lake  must  have  existed 

Srehistoric  times,  and  where  there  is  still  a  marsh.  Two 
1  axes  found  at  Orchomenas,  near  the  lake  Copais,  were 
en  to  me  by  Mr.  Merlin,  Her  Majesty's  Consul  for  Northern 
eece. 

jake  dwellings  continued  to  exist  in  Macedonia  down  to  the 
le  of  Herodotus.  His  description  (Terpsichore,  v,  16)  proves 
.t  the  dwellings  of  the  Paeonians,  in  the  Lake  Prasias,  were 
T  similar  to  those  constructed  on  the  lakes  of  Switzerland. 
tey  who  dwell  on  the  lake  Prasias  construct  their  dwellings 
this  manner.  They  fix  strong  piles  in  the  lake,  and  on  these 
38  they  fasten  planks,  making  a  bridge  with  a  narrow  entrance 
Dtt  the  land.  The  piles  supporting  the  planks  were  in  former 
les  fixed  by  the  inhabitants  in  common,  but  afterward  the 
r  established  that  every  one  who  married  a  wife  (and  they 
;e  many  wives),  should  bring  down  from  Mount  Orbelos 
ee  piles  and  fix  them  in  the  lake.  The  manner  of  their 
ellings  is  in  this  fitshion.  Each  man  has  his  own  hut  on  the 
3S,  and  a  trap  door  through  the  flooring  by  which  he  can 
cend  to  the  lake.  The  young  children  are  tied  by  the  foot 
;  th^  should  fall  into  the  water."  The  lake  Prasias  is  the 
e  of  the  Strymon  of  Thucydides,  v,  7,  the  Kerkinites  of 
rian,  Anab.  1,  11,  8,  and  is  now  called  Tachyn6s,  from  a 
age  on  its  western  sida  The  fisheries  are  still  valuable  as 
y  were  in  ancient  times,  and  the  fish  caught  for  sale  are 
Qcipally  carp,  tench  and  eels.  (Leake,  Travels  in  Northern 
5ece,  vol.  iii,  198). 

Phe  description  which  Herodotus  gives  of  these  lake  dwell- 
s  makes  it  an  object  of  the  greatest  importance  to  the 
bffilogists  of  Switzerland  and  Greece  that  the  lake  Prasias 
I  other  lakes  in  Macedonia,  Thessaly  and  Greece,  should  be 
Bfully  examined  in  order  to  ascertam  whether  any  traces  can 
I  be  discovered  of  lake  dwellings.  Some  traces  of  the  piles 
which  dwellings  were  constructed  are  said  to  have  been 
erved  in  the  lake  Prasias,  in  1862,  by  Monsieur  Deville  of 
»fe  frangaise  cTAthenes.  But  a  superficial  examination 
^ht  easily  lead  to  considering  stakes  for  nets  or  fishing  huts 
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as  remains  of  ancient  pile  dwellings,  and  a  searching  examina- 
tion  of  the  locality  ouglit  to  be  undertaken  by  SKillful  and 
experienced  observers.  ^ 

The  lakes  in  Greece  that  deserve  particular  attention  are,  the 
lake  Copais,  Hylica  or  Livadi,  and  Paralinini  in  Boeotia,  the 
lake  Trichonis  with  its  connected  lake  Hyrie  in  Etalia,  the 
lakes  in  Acamania  and  the  lagoon3  between  the  mouths  of  the 
Evenus  and  the  Achelous.  In  the  Peloponnesus  there  are,  the 
lakes  of  Pheneus  (which  becomes  in  alternate  periods  of  years 
a  deep  lake  as  at  present,  and  a  plain  that  dries  in  summers  ss 
.  it  was  in  the  year  1821),  and  Stymphalus,  with  their  physical 
peculiarities  and  mythical  associations  running  back  toward  a 
prehistoric  period.  The  lake  of  Orchomenos,  the  marsh  of 
Mantinea,  the  lakes  near  Tegea,  the  lagoons  at  the  mouths  of 
the  Eurotas  and  the  Alpheus,  and  the  marsh  at  Pylos,  (Pa]»o 
Avarino)  all  these  places,  and  some  others  that  might  be  pointed 
out,  offer  an  extensive  field  for  research.  It  may  also  be  possi- 
ble to  identify  sites  of  prehistoric  habitations  in  the  mountains, 
from  the  remains  found  in  their  vicinity.  Such  positions  would 
have  been  selected  because  they  were  easily  dercnsible  by  men 
having  weapons  of  stone  only.  They  must  have  conunanded 
access  to  an  abundant  supply  of  water  equally  capable  of  de- 
fense. I  have  observed  such  a  position  overlooking  the  plain  of 
Aphidna,  where  I  have  picked  up  a  considerable  quantity  of 
fragments  of  obsidian  and  flint  artificially  worked 

!rliny  contains  several  passages  in  his  Natural  History  that 
refer  to  stone  axes  and  chisels  (celts),  with  particular  reference 
to  those  found  in  Greece,  for  he  quotes  Greek  authorities  about 
them.  He  speaks  of  Cerauniod  (thunderbolts)  as  being,  accord- 
ing to  the  testimony  of  Sotacus  (an  ancient  Greek  yrriter  on 
minerals),  black  and  red,  and  resembling  axe-heads  in  shape: 
I  have  specimens  of  red  celts  from  Euboea  made  of  red  iron- 
stone, one  3 J  in.  long  and  2  in.  broad;  and  several  that  are 
black,  of  the  same  size  but  narrower. 

The  stone  period  has  been  divided  into  a  paleolithic  and  a 
neolithic  penod.  In  western  Europe,  particularly  in  France 
and  England,  numerous  remains  oi  stone  implements  of  the 
paleolithic  period  have  been  found  in  strata  with  the  bones 
of  the  mammoth  and  other  extinct  animals.  But  I  am  not 
aware  that  any  stone  implements  that  can  be  attributed  with 
any  certainty  to  this  period,  have  yet  been  discovered  in  Greece, 
though  bones  of  these  animals  have  been  found  in  several  places 
in  great  quantities  both  in  Attica,  Euboea  and  Arcadia  All  the 
stone  implements  that  have  fallen  under  mj  notice  consist  of 
specimens  that  belong  to  the  neolithic  or  polished-stone  paiod, 
and  many  display  considerable  skill  in  their  workmanship, 
being  composea  of  the  hardest  stones. 
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SCIENTIFIC     INTELLIGENCE. 

I.   CHEMISTBY  AND  PHYSICS. 

1.  On  the  theory  of  the  Bunsen  flame. — ^The  non-lominosity  of 
he  flame  of  the  Bunsen  gas-burner  is  commonly  ascribed  to  the 
acre  complete  combustion  of  the  gas  by  the  air  which  is  mixed 
rith  it  before  it  is  burned.  But  this  is  an  assumption  entirely  un- 
iroved  as  yet ;  and  moreover,  the  positive  expenments  of  Kkapp 
how  that  this  cannot  be  the  only  cause  of  the  phenomenon.  His 
mmer  was  so  constructed  that  by  means  of  a  lateral  tube,  other 
^ases  beside  air  could  be  mixed  with  the  coal-gas ;  and  the  results 
obtained  prove  that  nitrogen,  hydrochloric  acid,  or  carbon  dioxyd 
^as  causes  the  flame  to  bum  fully  as  blue  as  is  seen  in  the  burner  as 
irdinarily  used.  The  experiment  is  most  easily  tried  with  carbon 
lioxyd  gas ;  but  with  this  gas  it  might  be  urged  that  dissociation 
nto  carbonous  oxyd  and  oxygen  takes  place,  and  that  the  latter 
^  assists  the  combustion.  Though  this  is  hardly  conceivable  at 
he  low  temperature  there  present,  the  assumption  may  be  entirely 
lisproved  by  using  in  the  experiment  only  pure  nitrogen ;  which 
or  this  purpose  may  be  conveniently  obtained  by  boilmg  a  solu- 
ion  containing  equivalent  quantities  of  potassium  nitrite  and  am 
nonium  chlorid.  The  explanation  of  this  result  is  not  easy; 
Cnapp  believes  that  the  disappearance  of  the  luminosity  is  due 
HU-tly  to  the  cooling  of  the  flame,  but  principally  to  the  dilution 
>f  the  illuminating  gas ;  and  that  the  flame  of  the  Bunsen  burner 
B  non-luminous  from  the  same  cause  which  lessens  the  lieht  of  a 
iandle  burned  in  vacuo,  or  at  high  altitudes. — J.  JV.  CTL,  11,  i, 
128,  June,  1870.  g.  f.  r 

2.  Production  of  Ozone  in  Rapid  Combustion, — The  observa- 
ion  of  Loew  upon  the  production  of  ozone  in  quick  combustion, 
mblished  in  the  May  number  of  this  Journal,  seems  to  have  been 
anticipated  not  only  by  Pincus  (noticed  in  vol.  xlvii,  page  238,)  but 
nuch  earlier — in  December,  1864 — ^by  Than,  and  conununicated 

0  the  Hungarian  Academy  at  Pesth.  Becoming  interested  in  the 
application  to  vegetable  physiology  of  the  fact  that  ammonium 
utrite  is  formed  when  hyarogen  burns  in  an  atmosphere  contain- 
as  nitrogen.  Than  sought  for  a  method  of  exhibiting  the  result  as 

1  lecture-experiment ;  for  this  purpose  he  drew  the  air  which 
losely  surrounds  the  flame  of  a  Bunsen  burner  through  a  Varren- 
rapp  and  WilPs  bulb-apparatus,  containing  an  acidulated  solution 
rf  potassium  iodid  and  starch.  The  air  which  was  drawn  from 
ibout  the  lower  f  of  the  flame,  colored  the  solution  blue  very  ra- 
bidly. As  the  odor  of  ozone  was  not  detectable  in  this  air  after 
t  had  passed  through  the  apparatus.  Than  substituted  a  bulb-tube 
illed  with  water ;  and  then  on  drawing  through  this  a  rapid  cur- 
ent  of  the  air  from  this  part  of  the  flame,  the  odor  of  ozone  was 
[latinctly  obtained.  Were  ammonium  nitrite  formed  at  the  same 
ime,  it  would  be  retained  by  the  water ;  and  this,  on  adding  a 
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few  drops  of  the  acidulated  potassium  iodid  solation,  would  be- 
come at  once  blue.  But  no  blueing  took  place,  even  when  the  lir 
was  passed  through  the  water  for  15  or  20  minutes.  The  blueing 
in  the  former  case  must  be  due,  therefore,  entirely  to  ozone.  Thin 
next  investigated  the  conditions  of  this  ozone-prodaction.  He 
found  that  a  small  quantitj  of  ozone  is  present  in  the  air  whidi 
surrounds  the  lower  portion  of  every  flame  composed  of  buniii^ 
hydrogen ;  that  this  ozone  may  be  detected  by  withdrawing  tbu 
air  rapidly  from  the  flame  through  a  glass  tube  drawn  out  to  a.  fine 
point,  when  it  ^ves  its  characteristic  odor  and  reactions ;  that  the 
point  of  the  tube  should  not  exceed  a  millimeter  in  diameter,  and 
that  it  should  be  placed  in  the  lower  half  of  the  flame  where  the 
flame  comes  in  contact  with  the  cold  air.  In  a  candle-flame,  or  that 
of  an  alcohol-lamp,  most  ozone  is  found  near  the  lower  blue  portion. 
The  current  of  air  must  be  rapid  enough  to  deflect  the  flame,  vet 
not  so  ]*apid  as  to  draw  in  any  unbumed  gas.  By  the  ozone  thns 
obtained,  the  solution  of  potassium  iodid  and  starch  was  blued  in 
a  few  seconds,  a  mixture  of  mangauous  sulphate  solation  with  a 
few  drops  of  potassium  hydrate  became  dark  brown  from  the 
formation  of  the  peroxyd,  and  when  inhaled,  the  mucous  mem- 
brane was  irritated  and  a  transient  catarrh  produced.  No  ozone 
could  be  detected  in  the  air  surrounding  ignited  charcoal ;  and  all 
attempts  to  determine  it  in  the  other  cases  quantitatively,  failed. 
Than  then  ^oes  on  to  say :  ^'  Wenn  man  durch  das  obere  Dritt- 
theil  einer  mcht  leuchtenden  Gasflamme,  durch  ein  schief  aufw&rts 
gerichtete  zwei  Linien  weite  Glasrdhre,  einen  sehr  kiiUtigen  Lnft* 
Strom  mittelst  eines  Blasebalges  durchtreibt,  so  kann  man  in  der 
durchgeblasenen  Luft  nicht  unbedeutende  Mengen  von  Ozon  theik 
durch  den  Geruch,  theils  durch  Jodkalium-St&rkepapier  nachwa- 
sen ; "  an  experiment  almost  precisely  that  mentioned  by  Loew. 
In  Thau's  view,  the  diatomic  molecule  of  oxygen  in  the  air,  when 
it  comes  in  contact  with  the  hydrogen  of  the  flame,  gives  up  one 
atom,  to  form  water,  thus:  H^-fOjSsH^O-l-O ;  the  other  atom 
thus  set  free,  unites  with  another  molecule  of  oxygen  to  form 
ozone  :  03+0=03.  No  ozone  is  formed  in  the  vicinity  of  the 
burning  carbon,  because  each  of  its  atoms  unites  directly  with  an 
entire  molecule  of  oxygen,  C+02=C02,  producing  carbon  di- 
oxyd. — J,  jPr.  Ch,^  11,  i,  416,  June,  1870.  g.  f.  b. 

3.  On  the  Constitution  of  Ndrcotine  and  its  decomposition-pro- 
ducts, — Matthiesskn  thus  sums  up  the  results  of  his  extendea  re- 
search upon  Narcotine : — 

(1.)  The  analysis  of  various  specimens  of  narcotine,  derived 
from  various  sources,  has  shown  that  it  always  has  the  same  com- 
position, £522^2  3NO7. 

('!,)  As  already  noticed  by  previous  observers,  narcotine,  by 
the  action  of  oxydizing  agents,  splits  up  into  opianic  acid  and  co- 
tamin: 

^2aH23^^1+^=^l  0^10^6+^12^1  3NO3. 

(3.)  Heated  alone,  to  a  temperature  somewhat  above  200^,  or  for 
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omewhat  longer  time  with  water,  narootine  splits  up  into  meco- 
I  and  cotamin : 

(4.)  Heated  for  a  short  time  (about  two  hours)  with  an  excess 
hydrochloric  acid,  methyl  chlorid  is  formed,  and  one  atom  of 
drogen  replaces  the  methyl  in  the  narcotine ;  by  a  longer  heat- 
l  (for  some  days)  two  atoms  of  H  may  replace  two  of  -GH,  ; 
ated  with  fuming  hydriodic  acid,  three  atoms  of  the  methyl  are 
placed  by  three  of  hydrogen ;  thus  forming  a  series  of  homolo- 
»UB  bases,  whose  decompositions  are  analogous  to  those  of  nar- 
tine  itself 

(5.)  The  formula  of  cotamin  has  been  shown  to  be  €)  ^^Hj  3NO,, 
d  not  OjjHf.NO.;  it  is  capable  of  crystallizing  with  one-half 
id  with  a  whole  mmecule  of  water. 

(6.)  Cotamin,  when  heated  with  dilute  nitric  acid  under  certain, 
»t  yet  clearly-defined  conditions,  is  decomposed,  yielding  cotar^ 
c  acid  and  methylamine : 

€,2H,3Ne3+2Hj,e=€,jH,,e,+€H,N. 

J  the  use  of  concentrated  nitric  acid,  as  already  noticed  by  for- 
er  observers,  apophyllic  acid  is  formed.    The  action  of  other 
:ydizing  agents  gives  results  not  yet  studied. 
(7.)  Cotamin  heated  with  concentrated  hydrochloric  acid,  yields 
ethyl  chlorid  and  the  hydrochlorate  of  cotamamic  acid : 

€;ijjH,3Ne3-fHae-f2HCl=€H3Cl-f€,iHi3Ne^,HCl. 

ydriodic  acid  produces  a  similar  result ;  only  one  atom  of  C'H, 
(Wg  eliminated  from  each  molecule  of  cotarnm. 
(8.)  Opianic  acid,  by  the  action  of  nascent  hydrogen  (as  by 
eatment  with  sodixmi-amalgam  or  by  zinc  and  sulphuric  acid)  is 
dnoed  to  meconin : 

(9.)  Opianic  acid  by  heating  with  potassium  dichromate  and  di- 
te  sulpnuric  acid  is  oxydized  to  hcmipinic  acid : 

(10.)  Opianic  acid,  on  heating  with  caustic  potash,  splits  up  into 
econin  and  hemipinic  acid : 

(11.)  Opianic  acid,  heated  with  an  excess  of  hydrochloric  acid, 
[changes  its  methyl  for  hydrogen.  Beside  methyl  chlorid,  two 
bstances  are  probably  thus  produced,  noropianic  acid  and  me- 
yl-noropianic  acid  ;  the  first  by  a  single,  the  second  by  two  re- 
acements  of  methyl  by  hydrogen. 

«ioHioe5+2HCl=2€H3Cl+€3H,0,. 

«ioH,o^5+HCl=€H3Cl-h€.H3e3. 

oly  the  latter  has  been  obtained  pure,  the  former  spontaneously 
composing.  Hydriodic  acid  acts  siinilarly.  Methyl-noropianic 
id,  like  opianic  acid,  is  monobasic. 

(12.)  All  attempts  to  oxydize  meconin  to  opianic  or  hemipinic 
id,  or  to  any  other  product,  were  ubsuccessfdL 
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(13.)  Meconin,  treated  with  an  excess  of  hydrochloric  orhydri- 
odic  acid,  yields  methyl  chlorid  or  iodid,  and  a  body  derived  from 
meconin  by  replacing  OH  3  by  H,  methyl-normecoDin : 

«.  »H,  .e,+HCl=€H,Cl+€,H,0^. 

Experiments  to  produce  the  hypothetical  normeconin  by  sabstita- 
ting  H2  for  {-€0,^)2^  gave  nothmg  capable  of  being  isolated  in  a 
pure  state. 

(14.)  Hemipinic  acid,  by  treatment  with  various  redacing  agents, 
was  in  no  case  reduced  to  opianic  acid  or  meconin.  So,  ej^)eii- 
ments  to  obtain  opianic  acid  from  the  union  of  hemipinic  add  and 
meconin,  have  yielded  no  result.  Moreover,  hemipinic  acid  conld 
not  be  oxydized  to  any  other  product. 

(15.)  Heated  with  an  excess  of  hydrochloric  acid,  hemipinic  acid 
yields,  beside  methyl  chlorid  and  carbon  dioxyd,  a  new  acid,  me* 
thyl-hypogallic  acid : 

«ioHio^6+HCl=€H3Cl+€e,+€8H,e^. 

Heated  with  hydriodic  acid,  it  affords  methyl  iodid,  carbon  dioxyd 
and  hypo-gallic  acid : 

« .  .H,  oe8+2HI=2€H,I+€ea+€,H,e«. 

(16.)  Anderson's  observations  proving  hemipinic  acid  to  be  & 
basic  are  confirmed,  the  anhydria  being  obtained  by  simple  dry- 

Methyl-hypogallic  acid  is  also  dibasic. 

(17.^  Henupinic  acid  may  crystallize  with  various  quantities  of 
crystal  water ;  crystals  having  been  obtained  with  J,  with  1,  and 
with  2  molecules  of  such  water. 

(18.)  All  the  reactions  of  narcotine  and  of  its  decomposition 
products,  are  explained  in  a  satisfactory  manner  by  assuming  for 
It  the  following  rational  formula : 

CH3      )  -m^ 
(6i,H,Oa)"  I 

(€,H,0)»^  I  03 

(€H3),H[e3 

— Ann,  Ch.  Pharm.^  SuppL  Band  vii,  66,  Nov.,  1869.     g.  f.  b. 

4.  On  the  size  of  Molecules:  by  Sir  Wm.  Thomson.  (Proc  Dt 
and  Phil.  Soc.  Manchester,  March  22;  Nature,  May  19,  p.  66.)— 
My  occupation  on  the  Kinetic  theory  of  gases  has  led  me  at  last 
to  come  to  definite  terms  as  to  the  size  of  molecules.  Ever  since 
about  the  first  year  of  my  professorship  I  have  taught  my  students 
that  Cauchy's  theory  of  Dispersion  proves  heterogeneousness,  or 
molecular  structure,  to  become  sensible  in  contiguous  portions  of 
glass  or  water,  of  dimensions  moderately  small  in  comparison  with 
the  wave-lengths  of  ordinary  light.  I  have  spoken  to  you  also,  I 
think,  of  the  argument  deducible  from  the  contact  electricity  of 
metals.     This,  I  now  find,  proves  a  limit  to  the  dimensions  of  the 


Chemistry  and  Physics.  259 

lecules  in  metals  quite  corresponding  to  that  established  for 
nsparent  solids  and  liquids  by  the  dynamics  of  dispersion.  In 
periments  made  about  ten  years  ago,  of  which  a  slight  sketch  is 
bUshed  in  the  Proceedings  of  the  Literary  and  Philosophical 
ciety  of  Manchester,  I  found  that  a  plate  of  zinc  and  a  plate  of 
jper  kept  in  metallic  connection  with  one  another  (by  a  nne  wire 
otherwise)  act  electrically  upon  electrified  bodies  in  their  neigh- 
rhood,  and  upon  one  another,  as  thev  would  if  they  were  of  the 
ne  metal  and  kept  at  a  difference  of  potentials  equal  to  about 
"ee-qnarters  of  that  produced  by  a  single  cell  of  DanielPs. 
tnce,  and  from  my  measurement  of  the  electrostatic  effects  of  a 
jiielPs  battery,  published  in  the  Proceedings  of  the  Royal 
ciety,  for  February  and  April,  1860, 1  find  that  plates  of  zmc 
1  copper  held  parallel  to  one  another  at  any  distance,  D,  apart 
iieh  18  a  small  fraction  of  the  linear  dimensions  of  their  opposed 
"faces,  and  kept  in  metallic  communication  with  one  another, 
^rcise  a  mutual  attraction  equal  to 

2  X 10" ' «  X  j^  grams  weight. 

nee,  if  they  were  allowed  to  approach  from  any  greater  distance, 
,  to  the  distance,  D,  the  work  aone  by  their  mutual  attraction  is 

2  X 1 0"  *  °  X    Vp.;p.    '  centimeter  grams ; 

ich,  if  D  is  very  small  in  comparison  with  D',  is  very  approzi- 

tely  equal  to  2 X 10* » »  X^. 

»w  suppose  a  pile  to  be  made  of  a  great  number  (N-|-l)  of  very 
n  plates  alternately  of  zinc  and  copper,  kept  in  metallic  con- 
ation while  thej  are  brought  towara  one  another.  Let  their 
dtions  in  the  pile  be  paraUel,  with  narrow  spaces  intervening, 
r  simplicity,  let  the  thickness  of  each  metal  plate  and  interven- 
;  space  be  I).     The  whole  work  done  will  be 

2X10->oxNg. 

e  whole  mass  of  the  pile  (if  we  neglect  that  of  one  of  the  end 
tes)  is  NAD^,  where  9  denotes  the  mean  of  the  densities  of  zinc 
i  copper.  Hence,  if  h  be  the  height  to  which  the  whole  mass 
st  be  raised  against  a  constant  force  equal  to  its  weight  at  the 
th^s  surface,  to  do  the  same  amount  of  work,  we  have 

A 
NAD9A=2X10-i»XN=^; 

•  u     •  I.     2X10-^0 

ich  gives  Azz  — ^p— , 

as  e^=8,  nearly  enough  for  the  present  rough  estimate, 

1 


h= 


(200000D)»* 
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Hence,  if  H'^T^Z?  ^J^^^*®'' 

'  A=:l  centimeter. 

The  amount  of  energy  thus  calculated  is  not  bo  great  aa  to  afford 
any  argument  against  the  conclusion  which  general  knowledge  of 
divisibility,  electric  conductivity,  and  other  properties  of  matter 
indicates  as  probable ;  that,  down  to  thicknesses  of  yqq'^qg  d  a 
centimeter  for  the  metal  plates  and  intervening  spaces,  die  oontaot 
electrification,  and  the  attraction  due  to  it,  follow  with  but  litde  if 
any  sensible  deviation  the  laws  proved  by  experiment  for  plates  of 
measurable  thickness  with  measurable  intervals  between  them. 
But  let  D  be  a  two-hundred-millionth  of  a  centimeter.  If  the  pie- 
ceding  formuke  were  applicable  to  plates  and  spaeea  of  this  degree 
of  thinness  we  should  have 

A=  1,000,000  centimeters  or  10  kilometers. 

The  thermal  equivalent  of  the  work  thus  represented  is  about  848 
times  the  quantity  of  heat  required  to  warm  the  whole  mass  (com- 
posed of  equal  masses  of  zinc  and  copper)  by  1°  Cent.  Tnis  is 
probably  much  more  than  the  whole  heat  of  combination  of  equal 
masses  of  zinc  and  copper  melted  together.  For  it  is  not  probable 
that  the  compound  metal  when  dissolved  in  an  add  would  show 
anything  approaching  to  so  great  a  deficiency  in  the  heat  evolved 
below  that  evolved  when  the  metallic  constituents  are  separa^j 
dissolved,  and  their  solutions  mixed ;  but  the  experiment  should 
be  made.  Without  any  such  experiment,  however,  we  may  safely 
say  that  the  fourfold  amount  of  energy  indicated  by  the  preoeding 
formula,  for  a  value  of  D  yet  twice  as  small,  is  very  much  greata* 
than  any  estimate  which  our  present  knowledge  allows  us  to  aocept 
for  the  neat  of  combination  of  zinc  and  copper.  For  something 
much  less  than  the  thermal  equivalent  of  that  amount  of  energy 
would  melt  the  zinc  and  copper;  and,  therefore,  if  in  combining 
thby  generated  by  their  mutual  attraction  any  such  amount  m 
energy,  a  mixture  of  zinc  and  copper  filings  would  rush  into  com- 
bination (as  the  ingredients  of  gunpowder  do)  on  being  heated 
enough  in  any  small  part  of  the  wole  mass  to  melt  together  there. 
Hence,  we  may  infer  that  the  electric  attraction  between  metalli- 
cally-connected plates  of  zinc  and  copper  of  only  zJfTiuhnnnr  of  a 
centimeter  thickness,  at  a  distance  of  only  ^innriimnr  ^^  ^  centi- 
meter asunder,  must  be  greatly  less  than  that  calculated  from  the 
magnitude  of  the  force  and  the  law  of  its  variation  observed  for 
places  of  measurable  thickness,  at  measurable  distances  asunder. 
In  other  words,  plates  of  zinc  and  copper  so  thin  as  a  foor^hundred- 
millionth  of  a  centimeter  from  one  another,  form  a  mixture  closely 
approaching  to  a  molecular  combination,  if^  indeed,  plates  so  thin 
could  be  made  without  splitting  atoms.  Wishing  to  avoid  com- 
plication, I  have  avoided  hitherto  noticing  one  important  questicm 
as  to  the  energy  concerned  in  the  electric  attraction  of  metallically- 
connected  plates  of  zinc  and  copper.  Is  there  not  a  change  of 
temperature  in  molecularly  thin  strata  of  the  two  metals  adjoining 
to  trie  opposed  surfaces,  when  they  are  allowed  to  approach  one 
another,  analogous  to  the  heat  produced  by  the  condensation  of  a 
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IS,  the  changes  of  temperature  produced  by  the  application  of 
resses  to  elastic  solids  which  yon  have  investigated  experiment- 
ly,  and  the  cooling  effect  I  have  proved  to  be  produced  oy  draw- 
2  out  a  liquid  film  which  I  shall  have  to  notice  particularly 
^ow?  Easy  enough  experiments  on  the  contact  electricity  of 
etals  will  answer  tnis  question.  If  the  contact-difference  dimin- 
hes  as  the  temperature  is  raised,  it  will  follow  from  the  Second 
aw  of  Thermodynamics,  by  reasoning  precisely  corresponding 
ith  that  which  I  applied  to  the  liquid  film  in  my  letters  to  you  of 
ebruary  2d  and  February  3d,  1868,*  that  plates  of  the  two  metals 
?pt  in  metallic  communication  and  allowed  to  approach  one 
lother  will  experience  an  elevation  of  temperature.  But  if  the 
mtact-difference  increases  with  temperature,  the  effect  of  mutual 
>proach  will  be  a  lowering  of  temperature.  On  the  former  sup- 
>8ition,  the  diminution  of  intrinsic  energy  in  quantities  of  zinc 
id  copper,  consequent  on  mutual  approach  with  temperature  kept 
mstant,  will  be  greater,  and  on  the  latter  supposition  less,  than  I 
ive  estimated  above.  Till  the  requisite  experiments  are  made, 
irtber  speculation  on  this  subject  is  profitless ;  but  whatever  be 
le  result,  it  cannot  invalidate  the  conclusion  that  a  stratum  of 
iYYY*Yjyif  of  a  centimeter  thick  cannot  contain  in  its  thickness 
lany,  if  so  much  as  one,  molecular  constituent  of  the  mass.  Be- 
des  the  two  reasons  for  limiting  the  smallness  of  atoms  or  mole-^ 
lies  which  I  have  now  stated,  two  others  are  afforded  by  the 
leory  of  capillary  attraction,  and  Clausius'  and  MaxwelPs  mag- 
ificent  working  out  of  the  Kinetic  Theory  of  gases.  In  my  letters 
)  you  already  referred  to,  I  showed  that  the  dynamic  value  of  the 
eat  required  to  prevent  a  bubble  from  cooling  when  stretched  is 
itber  more  than  half  the  work  spent  in  stretching  it.  Hence,  if 
e  calculate  the  work  required  to  stretch  it  to  any  stated  extent, 
ad  multiply  the  result  by  J,  we  have  an  estimate,  near  enough 
)r  my  present  purpose,  of  the  augmentation  of  energy  experienced 
y  a  uouid  film  when  stretched  and  kept  at  a  constant  tempera- 
iie.  Taking  '08  of  a  gram  weight  per  centimeter  of  breadth  as 
ie  capillary  tension  of  a  surface  of  water,  and  therefore  '16  as 
tiat  91  a  water  bubble,  I  calculate  (as  you  may  verify  easily)  that 

quantity  of  water  extended  to  a  thinness  ofy^j^l^,,^  of  a  cen- 
Imeter  would,  if  its  tension  remained  constant,  have  more  energy 
tian  the  same  mass  of  water  in  ordinarv  condition  by  about  1,100 
imes  as  much  as  suffices  to  warm  it  by  1°  Cent.  This  is  more 
ban  enough  (as  Maxwell  suggested  to  me)  to  drive  the  liquid  into 
apor.  Hence,  if  a  film  of  ^ ^^ ^'^ u  ^^  of  a  centimeter  thick  can  ex- 
rt  as  liquid  at  all,  it  is  perfectly  certain  that  there  cannot  be  many 
lolecoles  in  its  thickness.  The  argument  from  the  Kinetic  Theory 
f  gases  leads  me  to  quite  a  similar  conclusion. 

5.  Comparison  of  Mechanical  Equivalents  :  by  Punt  Earle 
Ibasb,  (RrOc.  Am.  PhiL  Soc.,  xi,  818,  1870).— The  comparison 
f  different  mechanical  equivalents  will  open  a  new  field  for  inves- 
igation,  which  may  prove  to  be  fertile  m  valuable  results.    For 

*  Proceedings  of  the  Royal  Society  for  April,  1S68. 
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example,  recent  determinations,  by  the  different  methods  of  Thorn- 
sen  and  Farmer,  fix  the  mechanical  equivalent  of  light,  in  a  mi 
candle  burning  126^  grains  per  hour,  at  13*1  foot-pounds  per  mm- 
ute,  the  equivalent  of  1  ^rain  being  6*213  foot-pounds.  Accordmg 
to  Dulong,  the  heat  evolved  during  the  combustion  of  1  grain  of 
olive  oil  in  oxygen,  is  sufficient  to  heat  9862  grains  of  water 
1**  C.  According  to  Favre  and  Silbermann,  1  grain  of  oil  of  Va- 
pen  tine,  burned  in  oxygen,  would  heat  10,852  grains  of  water 
l^'C. 

It  may  therefore  be  presumed  that  the  total  heat  eiven  out  by 
the  comoustion  of  1  grain  of  wax,  is  about  sufficient  to  raise 
10,000  grains  or  water  1°  C,  or  18,000  gr.  1"*  F.  This  repr^senU 
a  mechanical  equivalence  of  (18,000  X  772  -i-  7000  =:  )  1985*143 
foot-pounds,  which  is  319*5  times  as  great  as  the  oorrespondiig 
equivalent  of  the  light  given  out  during  the  combustion. 

Tyndall,  in  his  lecture  on  Radiation,  states  that  the  viable  rays 
of  the  electric  light  contain  about  one-tenth  of  the  total  radiated 
heat.  The  relative  luminous  intensity  of  an  electric  lamp  wouU 
therefore  appear  to  be  about  32  times  as  great  as  that  of  the  wax 
candle.  This  ratio  so  nearly  resembles  that  of  solar  to  tenestnal 
superficial  attraction,  and  the  connection  of  electric  and  magnetic 
currents  with  solar  radiation  is  so  evident,  that  additional  experi-  | 
ments,  to  fornish  materials  for  a  great  varietv  of  similar  compaii-  \ 
sons,  seem  desirable.  While  it  is  possible  that  the  resemblance,  : 
in  the  present  instance,  may  be  accidental,  the  numerous  hanno-  | 
nies  between  the  manifestations  of  oosmical  and  molecular  Torces 
render  it  at  least  equally  possible  that  it  may  have  a  weighty  sig- 
nificance. 

II.   GEOLOGY  AND  MINERALOGY. 

1.  On  a  IbssU  Tooth  from  Table  Mountain ;  by  Prof.  Wa- 
LiAM  p.  Blake.  (Communicated  by  the  author  for  this  Journal)-* 
The  fossil  tooth,  found  by  Mr.  D.  T.  Hughes,  1,700  feet  under 
Table  Mountain,  and  300  feet  below  the  surface,  I  have  carefuUv 
examined  and  compared  with  specimens  in  the  Smithsonian  Insti- 
tution. It  proves  to  be  a  back  lower  molar  of  an  equine  animal  of 
the  genus  ITipparion,  or  a  closely  allied  ^nus.  This  genus  is 
one  of  the  connecting  links  between  the  x^alcBOtherium  and  the 
horse. 

The  specimen  closely  resembles  a  fossil  in  the  Smithsonian  mu' 
seum,  from  the  Pliocene  formations  of  the  Niobrara  river  in  Ne- 
braska,* not  only  in  size  but  in  the  foldings  of  the  enamel,  aod 
particularly  in  the  posterior  j)art  of  the  tooth,  but  it  differs  enough, 
m  several  pai'ticulars,  to  justify  the  belief  that  it  is  a  distinct  spe- 
cies. Dr.  Leidy  docs  not  attempt  to  determine,  specifically,  the 
specimen  from  r^ebraska,  but  considei-s  it  closely  relate  to,  if  not 
iaentical  specifically  with,  Hipparion  gratum^  possibly  Prtttokf- 
pus  placidue, 

*  Described  by  Prof.  Leidy  in  his  work  upon  the  Extinct  U<tmmflHAw  Jf^an^  of 
that  region,  p.  319,  pL  xix,  filg.  7, 
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le  size  of  the  Table  Mountain  specimen,  which  is  considerably 
1  by  attrition  in  the  gravel,  is:  length,  11  lines;  breadth  upon 
;rown,  9  lines;  breadth  at  the  base,  10  lines;  thickness,  ante- 
y,  4  lines,  posteriorly,  2  lines. 

lis  fossil  is  the  first  of  the  kind  discovered  west  of  the 
^y  Mountains.  It  adds  to  the  list  of  the  fauna  of  the  period 
dating  Table  Mountain — a  list  which  includes  the  mammoth 
phcu,  from  Knight's  Ferry),  the  rhinoceros,  and  an  animal 
i  to  the  elk.  I  have  believed  that  remains  of  man  were  also 
d  under  the  lava ;  but  upon  this  point,  afler  diligent  inquiry, 
1  satisfied  that  the  evidence  is  insufficient.  But  we  now  add 
fossil  allied  to  Hipparian,  and  I  regard  it  as  another  indica- 

that  the  Table  Mountain  beds  are  Pliocene,  and  homotaxial 

those  of  the  Bad  Lands  of  Nebraska. 

Cause  of  the  Descent  of  Glaciers, — Rev.  Henbt  Moselet, 
re  the  Royal  Society  in  January,  1869,  in  the  Philosophical 
azine  for  the  May  following,  and  at  the  meeting  of  the  Koyal 
tution  of  Great  Britain,  May  13,  1870,  opposes"  the  view  that 
iers  owe  their  movement  mainly  to  gravity,  and  gives  as  the 
npal  cause  contraction  and  expansion  due  to  change  of  temper- 
)  through  the  mass.  He  compares  the  movement  to  that  of  a 
b  of  lead  on  a  sloping  surface,  in  its  expansion  the  lower  edge 
dng  downward,  and  m  its  contraction  the  upper  edge  or  part. 

the  Phil  Mag.  for  July,  1870,  Mr.  John  Bail,  after  alluding 
ie  criticisms  on  the  above  theory  by  Mr.  Wm.  Mathews  in 
Alpine  Journal  for  February  last,  shows  that  the  supposed 
raction  and  expansion  to  which  Canon  Moseley  appeals,  does 
^ake  place,  and  that  the  ''  crawling  theory  "  of  gl&cier  motion 
erefore  misatisfactory.  He  argues  that  the  glacier  is  not  a 
innoos  solid  mass  like  a  sheet  of  metal ;  that  the  temperature 
le  interior,  as  observers  have  proved,  is  very  nearly  constant ; 
the  movement  is  half  as  fast  in  winter  as  in  summer ;  that  the 
of  motion  is  not  proportioned  at  all  to  the  length  of  the  ^la- 
as  it  should  be  oy  the  theory ;  that  the  supposed  expansion 
contraction,  if  a  fact,  would  exceed  twenty  or  more  times  the 
of  actual  motion  but  for  modifying  causes, — and  this  is  an 
mt  of  modifying  intervention  for  the  sake  of  the  theory,  suffi- 
,  to  prove  the  theory  of  no  value.  He  concludes  as  follows : 
[f  I  might  presume  to  estimate  the  net  results  of  this  renewed 
ission  of  the  causes  of  glacier-motion,  I  should  say  that  they 
lot  considerable,  but  yet  are  far  from  worthless.     Canon  Mose- 

experiments  have  added  something  to  our  knowledge,  and 
^ially  those  on  the  tenacity  of  ice,  which  have  some  bearing 
he  origin  of  crevasses.  Of  far  greater  importance  are  the 
rvations  on  ice-planks  made  by  Mr.  William  Mathews.  The 
of  these,  published  in  the  '  Alpine  Journal,'  gave  prominence 
£act  whicn  had  long  been  familiar  to  myself,  and  probably  to 
^  others.  I  have  often  found  that  long  icicles  placed  in  an 
led  position,  and  supported  only  at  the  upper  end,  will  grad- 
'  resume  the  vertical  direction,  and  I  had,  perhaps  too  li^tly, 
ned  that  this  was  a  particular  instance  of  the  process  by 
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which  ice  changes  its  form  through  fracture  and  regelation.  In 
Mr.  Mathew's  first  experiment,  conducted  during  a  thaw,  a  thkk 
plank  of  ice  supported  at  each  end  was  deflected  at  the  middle 
through  a  space  of  7  inches  in  as  many  hours.  Although  nmie 
but  very  mmute  fissures  were  observed,  the  facts  did  not  seem  to 
me  altogether  inconsistent  with  that  explanation.  In  the  second 
series  of  observations,  made  during  the  severe  frost  of  Febroarj 
last,  Mr.  Mathews  found  that  at  temperatures  notably  below  the 
freezing-point  a  plank  of  ice,  supported  as  before,  subsides  slowly 
between  the  points  of  support  under  the  sole  infiiuence  of  its  own 
weight.  The  deflection  under  these  circumstances  was  about  1| 
inch  in  twenty-four  hours.  Taking  this  observation  in  connectaon 
with  a  multitude  of  facts  recently  brought  to  light,  and  especially 
the  researches  of  ]M.  Tresca,  we  are  led  to  admit  that  ice,  m  com- 
mon with  very  many  apparently  rigid  bodies,  does  possess  a  ce^ 
tain  degree  of  plasticity  which  is  exhibited  bv  changes  of  fom 
effected  very  slowly  under  the  action  of  forces  of  moderate  amount, 
rather  than  by  the  rapid  action  of  more  powerful  agencies.* 

^^  The  admission  ot  this  conclusion  may  slightly  modtfy,  hot 
will  not  materially  alter,  the  views  now  generally  held  as  to  tk 
causes  of  glacier-motion,  which  are  mainly  derived  fh>m  the  remaik- 
able  researches  of  Professor  Tvndall.  Whatever  may  be  the  fini 
judgment  of  men  of  science,  I  feel  quite  sure  that  it  will  not  ooft- 
firm  the  opinion  expressed  by  Canon  Moseley  in  his  latest  publict- 
tion:  that  "the  pnenomena  of  glacier^motion  belong  rather  to 
mechanical  philosophy  than  to  physics.''  Every  real  advance  thst 
has  been  made  toward  the  explanation  of  those  phenomena  has 
been  due  to  the  application  of  increased  knowledge  of  the  phyrical 
properties  of  glacier-ice ;  and  if  any  thin^  be  wanting  to  complete 
the  explanation  now  generally  accepted,  it '  must  be  derived  from 
such  additional  acquaintance  with  those  properties  as  may  be  de- 
rived from  continued  observation  and  experiment.'' 

3.  TJie  North  American  Lakes  coneiaered  ae  Chronometert  of 
Post-glacial  time;  by  Dr.  Edmund  Andrews.  24  pp.  toy.  Bra 
(Trans.  Acad.  ScL  Chicago,  voL  n). — ^Dr.  Andrews  mscusses  in 
this  paper  the  nature  of  the  post-glacial  deposits  on  the  shores  of 
Lake  Michigan,  especially  in  tne  vicinity  of  Chicago,  tlieir  extent, 
the  areas  of  the  several  beaches,  the  erosion  these  beaches  hare 
undergone,  the  width  of  the  subaqueous  plateau  formed  along  the 
border  of  the  lake  out  of  the  material  removed  in  the  erosion,  and 
the  amount  of  sand  moved  in  the  process ;  and  from  the  elements 
thus  obtained,  arrives  at  the  followmg  conclusions : 

(1.)  The  upper  beach  began  to  form  immediately  after  the 
Boulder  Drift  period,  and  continued  to  accrete  for  about  900  year& 
No  animal  fossils  have  yet  been  found  in  it. 

(2.)  The  waters  then  fell  suddenly  to  about  their  present  level, 
where  they  remained  till  a  thin  bed  of  peat  accreted  on  the  marshy 
slope  vacated  by  the  waves.  I  have  not  been  able  to  collect  dats 
for  a  calculation  of  this  first  low-water  period,  but  from  the  pon- 

*  In  Dana^a  Manual  of  Gkdogyf  p.  673,  this  plasticity  is  reoqginised  among  the 
means  of  motioD  on  the  ground  of  obaervationB,  similar  to  the  abofe,  made  hj 
Kbdb  in  bis  "Arctic  Bxploratlonaa?^ 
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of  the  soil-bed  in  the  eastern  dunes,  I  incline  to  think  it  lasted 

or  1000  years. 

).)  The  water  rose  again,  submerging  for  a  short  time  the  upper 
ch,  but  soon  fell  to  the  line  of  the  middle  one,  where  it  remained 
at  1,600  or  2000  years.  This  period  appears  to  be  cotemporary 
h  the  Loesa 

I.)  The  water,  which  had  already  slowly  fallen  some  feet,  now 
red  more  rapidly  to  near  its  present  level,  which  it  has  main- 
led  with  only  moderate  fluctuations  ever  since. 
5.)  The  total  time  of  all  these  deposits  appears  to  be  some- 
3re  between  6,300  and  7,600  years. 

!1ie  discussion  is  an  interesting  and  important  one.  Some  un- 
tainties  in  the  calculations  occur  to  us ;  but  without  a  special 
mination  of  the  region  we  are  not  at  present  prepared  to  men- 
1  any  but  the  following.  The  author  writes  as  if  he  supposed 
t  sand  in  the  course  of  transportation  always  remained  sand. 

observes  that  ^'  the  sand  movement  in  the  lake  is  confined  to 

shore  line,''  as  proved  by  the  fact  that  ^'  there  is  no  sand  in 
!p  water,''  not  recognizing  the  well-known  geological  fact  that 
as  on  coasts  are  always  undergoing  wear  through  the  attrition 
grain  upon  erain  under  the  action  of  waves  and  currents,  and 
t  while  the  finer  material  made  by  t£is  attrition  is  floated  off 
leeper  waters,  the  coarser  is  left  benind  in  such  cases  near  or  on 

shores. 

I.  JFbssils  in  the  Mineral  veins  of  ths  Carboniferous  lAme- 
%e  of  Oreat  Britain. — A  paper  on  this  subject  by  Mr.  Chables 
ORB,  (Rep.  Brit  Assoc,  for  1869,  p.  360),  contains  notices  of 
oerous  fossils  in  the  Lead  mines  of  the  Carboniferous  limestone, 
the  walls  of  the  Charterhouse  Lead-mine,  in  the  Mendip  range, 
\  feet  from  the  surface,  over  80  species  of  Liassic  fossils  were 
Ained  by  him,  and  more  than  30  of  Carboniferous.  The  Liassic 
laded  a  Chara,  wood  in  the  form  of  jet,  Rhizopods,  Pentacrinites, 
!]&daris  and  other  Echinoderms,  Serpula,  claws  of  Crustacea, 
ny  MoUusks,  remains  of  about  10  species  of  fishes  of  the 
lera  Acrodus^  Hybodus^  LepidotuSy  d^c,  and  a  tooth  of  an 
ithyoeaur ;  and  among  the  Carboniferous,  there  were  species  of 
lix,  Hydrobia,  Planorbis,  Proserpina,  Valvata,  Vertigo,  all 
[ier  land  or  freshwater  MoUusks,  also  1 1  species  of  Ostracoids, 
(ides  MoUusks,  Serpuls,  Encrinites,  Corals  and  Conodonts.  A 
lilar  range  of  facts  was  observed  in  connection  with  other  lead 
lies.  We  cite  the  foUowing  general  remarks. 
(Vlulst  the  various  mines  and  mineral  deposits  I  have  examined 
re  certain  species  in  common,  it  may  be  said  that  they  have 
ih  special  paleontolo^cal  features  of  their  own. 
ji  tne  Keld-Head  Mines  organic  remains  are  very  abundant  at 
mX  460  feet  from  the  surface,  amongst  which  are  many  Fora- 
lifera,  chiefly  of  the  genus  InvoitUina^  of  which  there  are  six 
cies,  and  univalves  of  about  twelve  genera,  the  freshwater 
des  Valvata  anomaJa  Moore,  and  Planorbis  Mendipensis 
It,  Joint.  Sol— Sbcond  Skbiss,  Vol.  L,  Na  149.— 8bft.,  1870, 
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Moore,  being  present,  and  also  Entomostraca   of  seyeral  nev 
species. 

The  Fallowfield  mines,  although  not  yielding  a  very  long  list  of 
species,  have  their  special  interest  in  the  presence  of  the  land  and 
freshwater  genera  Stoaatoma  ?,  Hydrohia^  and  JPisidium  ;  L^vobt 
tina,  as  in  the  Keld-Head  mines,  though  rarely  ;  and  a  single  seed 
of  the  Flemingites  gracUia  Carr.  The  richest  samples  fiom  thk 
mine  arc  at  90  and  450  feet  from  the  surface. 

The  Grassington  mines  are  not  only  very  rich  in  individiul 
specimens,  but  have  yielded  the  greatest  number  of  spedes, 
among  which  are  agam  freshwater  remains  of  Sydrotia^  jPEb- 
norbiSy  Valvata^  and  Idthoglyphus,  Entomostraca  of  at  letit 
ten  species,  Conodonts  of  several  varieties,  and  fish-remains  of  the 
genera  Petalodus^  Orodus,  Ac. 

The  Alston  mines  have  yielded  about  twelve  species  of  oni' 
valves,  though  they  are  not  in  good  condition.  Foramimfeia  an 
present,  but  are  rare,  and  fish-remains  of  the  eenera  JPeteUadut, 

The  Weardale  mines,  and  those  of  AUenheads,  are  comparatiTdj 
not  rich,  the  vein  stuff  in  them  being  much  mineralized.  Cono- 
donts occur  in  the  former,  Entomostraca  rather  abundantly  in  the 
latter,  and  also,  though  rarely,  the  genus  Hydrobia.  In  these 
veins,  and  also  at  Alston,  I  have  detected,  for  tne  first  time,  Urge 
cells  of  a  foraminiferous  shell,  for  which  Mr.  Brady  suggests  ue 
generic  name  Carteria, 

In  the  White  and  Silver  Band  mines  remains  are  somewhat 
rarely  distributed,  the  richest  deposit  being  a  friable  ochreonfi 
sandstone,  on  the  "  sun"  side  of  the  Silver  Band  Old  Mine,  which 
yielded  raaiiv  specimens  of  Hydrohia^  and  one  or  two  of  YiA- 
vata  anomala,  several  genera  of  Foraminifera,  including  Into- 
lutina  and  DentaHna^  with  Conodonts,  and  portions  of  teeth  d 
Psammodus, 

The  Mount-Pleasant  mines  of  Mold  contain  Foraminifera,  and 
also  the  freshwater  Hydrobia^  though  rarely,  and  Conodonts 
rather  abundantlv;  but  they  are  especially  remarkable  for  the 
great  variety  of  fish-remains  they  yield,  which  appear  to  represoit 
at  least  ten  different  genera.  Mixed  with  the  "  dowks*'  of  the 
mine  are  occasionally  small  pieces  of  laminated  stone  the  sur&oes 
of  which  exhibit  numerous  traces  of  fish-scales. 

The  researches  I  have  been  making  have  involved  very  oonader 
able  labor  and  minute  investigation;  but  as  they  will  to  some 
extent  have  opened  up  a  new  field  of  inquiry,  I  nope  they  will 
not  be  without  some  results.  Before  concluding,  I  desire  to  refer 
to  several  of  the  more  interesting  paleontological  facts  iridd 
have  been  obtained.     •♦*«♦♦ 

Not  the  least  important  fact  in  my  mine  explorations  has  been 
the  discovery  of  a  land  and  freshwater  fauna.  Until  I  obtaiDed 
the  three  genera  of  Helix,  VertigOy  and  Proserpina^  with  the 
fireshwater  genera  Ptaiiorbia  and  Vcdvata,  in  the  Chart^ouee 
Mine,  the  only  known  terrestrial  shell  below  the  secondary  beds 
was  the  Pupa  veetusta  Daws.,  found  by  Sir  Charles  Lyell  and  Di. 
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DawBon  in  the  Coal  measures  of  Nova  Scotia.  To  the  above 
zenera  I  have  now  to  add  those  of  Hydrobia,  Stoattoma  f, 
Lathoglj/pfiTu,  and  PUidivm,  ft'om  the  mines  of  the  north  of 
Kngland,  some  of  which  I  have  little  doabt  are  older  than  the 
Pupa  vetfteta  of  the  coal-beds.  There  is  thus  the  fact  of  the 
presence  of  nine  genera  of  land  and  freshwater  shells  in  the  lead- 
reins  of  this  country. 

In  addition  to  the  list  of  organic  remains  which  follows,  nam- 
bering  about  112  species  from  the  north  of  England  and  North- 
Wales  mines,  eight,  which  are  not  in  common,  have  been  obtained 
fVom  Weston,  and  to  these  again  are  to  be  added  89  in  the  list 
previonslf  given  from  Charterhouse,  so  that  in  true  and  workable 
mineral  veins  I  have  found  209  species.  In  the  Carboniferons 
[imestone  of  the  Frome  district  preciselv  similar  phenomena  occnr, 
though  the  fissures  are  not  worked.  These  Rhsetio  and  Liassio 
reins  have  fielded  me  about  70  species,  so  that,  including  the 
districts  I  have  enumerated,  I  have  obtained  from  vein-fissures, 
with  their  deposits  of  difierent  ages,  about  279  species  of  organic 


Under  these  peculiar  circumstances,  1  have  discovered  the  oldest 
known  Mammalia,  the  oldest  land  and  freshwater  MoUusca,  about 
52  species  of  fish,  and  about  8  of  Reptilia,  besides  the  other  groups 
to  which  referenoe  has  been  made. 

With  regard  to  the  origin  of  the  veins,  Mr,  Moore  observes  as 
follows: 

llie  ohief  material  of  all  the  mineral  veins  I  find  to  be  of  marine 
origin ;  all  the  organic  contents  are  fossil,  and  their  precise  geolo- 
gical age  can  be  arrived  at  without  much  difficulty.  Wherever 
tbej  contain  land  shells,  as  on  the  Mendips,  or  freshwater  shells, 
which  occur  in  the  veins  of  Alston,  and  are  wide-spread  elsewhere, 
the^  are  also  fossil  and  of  contemporaneous  age  with  the  other  re- 
ouuna.  It  is  certain  from  this  that  the  veins  received  their  infilliug 
when  within  the  infiuence  of  the  ocean,  and  before  their  present 
elevation,  since  which  time,  as  I  have  belbre  state<l,  I  dotjbt  if 
there  could  be  any  material  alteration  in  their  contents.    •     •    • 

It  has  now  been  established,  without  (loubt,  by  the  ] 
chemical  authorities,  that  many  of  our  moat  important  ||' 
are  present  in  minute  quantities  m  the  waters  of  tne  <^^4, 
&  admitted  by  those  who  believe  in  aegregattoii,  tin-  dffl 
being  that  they  think  it  was  first  deposited  nn<1  ;irt 
tracted  from  the  parent  rock,  and  redeposited  in  tlic  \- 
than  originally  collected  in  the  veins  themselves. 

As  regards  the  connection  sabsisting  between  the  oci 
♦ein-fissurea,  I  believe  it  will  be  recognized  to  be  the  c 
the  great  majority  of  instances,  the  dilf^ent  veins  come  iiti 
to  the  surface,  and  wheru'i'er  a  later  rock  Las  been  di'jiosili'd,  w 
is  only  in  exceptional  I'iiscs,  covering  up  the  iiioulh  nt  ihf  vein, 
there  will  still  be  found  a  break  in  ihufieaucnci'  "(  Mi^-  !li:itn, 
which  might  give  almost  unlimit;^^tiMBHH^^pre<.'i]>il:ino[i  of 
the  minerals  therein,    Whereve]^^^^^W^^^MKUi-,it  is  prob- 
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able  there  will  be  found  connected  therewith  an  abnonnal  coii£- 
tion  and  considerable  breaks  in  the  deposition  of  the  rocln.  I 
have  shown  this  to  be  the  case  in  connection  with  the  Carbomf^ 
erous  Limestone  of  the  Mendip  range,  and  its  continuation  throodi 
South  Wales,  in  which  districts  it  can  be  seen  that  thoee  rom 
were,  through  enormous  periods,  exposed  to  the  inflaenoe  of  the 
ocean,  possibly  forming  reef-like  barriers  around  the  edges  of  the 
Carboniferous  basin,  the  fissured  veins  and  floor  of  this  aea-botUnn 
receiving  at  some  periods  materials  of  Rhaetic  or  of  Lower  or 
Middle  Lias  age,  whilst  an  occasional  capping  of  the  beds  of 
Inferior  Oolite,  left  in  some  Carboniferous  limestone  trough,  now 
and  then  cover  up  the  mouths  of  the  veins  that  had  received  a& 
their  contents  prior  to  its  deposition.  Some  most  instmotiTe 
examples  are  present  in  this  district,  in  which  it  may  be  seen  that 
whilst  there  are  on  the  walls  of  the  vein  the  usual  vertical  conditioos 
of  vein-stufl^  such  as  calc-spar,  stdphate  of  barytes,  &c.,  with  ooct- 
sional  hematite  iron-ore,  calamine,  and  galena,  the  central  pordon 
of  the  vein  is  unmistakablv  of  Liassic  or  Rhietic  age.  In  lul  such 
instances  there  are  combined  the  elements  of  open  Assures  oom- 
municating  with  the  ocean,  and  greater  or  less  time  in  the  receptioo 
of  their  contents. 

4.  Additional  note  on  jElasmosaiints  ;  by  K  D.  Copb. — ^To  mj 
preceding  note  on  Elasmosaurus,  I  append  the  following,  in  con- 
sequence of  the  reading  of  another  criticism  by  IVo£  LsmT,  in 
the  Proceedings  Acad.  Nat.  ScL  Philad.,  January  to  Apri],  1870, 
(issued  in  June).     [See  p.  139  of  this  volume. — ^Eds.]. 

In  this  Dr.  Leidy  agrees  with  my  identification  of  Cimoliasaams 
and  Discosaurus  made  in  1 868,  regarding  them  as  the  same.  But 
he  employs  the  name  Discosaurus  instead  of  Cimoliasaums,  to 
which  we  object  for  three  reasons :  1,  in  works  written  sabeeqnent 
to  his  determination,  Cimoliasaums  had  been  exclusively  used, 
and  has  thereibre  obtained  considerable  currency ;  2,  Discosaiinn 
was  founded  upon  a  miscellaneous  collection  of  specieSy  and  not 
defined ;  3,  the  name  refers  perhaps  to  an  individual  pecnliarity  of 
one  of  the  species,  as  suggested  by  Leidy,  and  conveys'  an 
erroneous  impression  of  there  being  a  vertebral  disc  characteristic 
of  the  genus,  whereas  the  peculiarity  consists  of  a  groove.  The 
name  Cimoliasaums  is  open  to  none  of  these  objections. 

He  however  unites  with  the  above  genus  my  Elasmoeauras, 
although  a  few  pages  previously  he  considers  them  distinct,  on 
the  same  grounds  that  convincea  me  of  the  propriety  of  separat- 
ing them,  viz :  the  enormous  neck  with  compressed  vertebr»  m 
the  one,  and  the  short  transverse  cervicals  of  tne  other.  No  sndi 
diflerence  is  displayed  by  the  species  of  Plesiosaums,  though  there 
is  considerable  variation  in  the  genus  in  this  respect.  It  caniiot 
however  be  predicted,  that  no  species  combining  the  characten  of 
the  two  will  ever  be  found.  All  genera  in  paleontology  stand  open 
to  this  risk. 

The  Cimoliasaums  ffrandis  (Brimosaums  Leidy)  presents  the 
shortened  cervicals  of  C,  magnus  and  therefore  is  not  an  Elasmo- 
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«  The  JE.  orientalis  is  as  yet  but  little  known,  and  there 
je  doubts  as  to  which  genus  it  represents.  In  a  restored 
of  it  which  was  given  in  an  article  in  the  American  Natural- 
68,  p.  84),  it  is  represented  with  a  neck  of  the  shorter  type 
doUasaurus.  Whether  the  shorter  or  longer  type  of  cervicals 
I  to  it  will  remain  uncertain  until  more  remams  are  found. 
»e  a  true  Elasmosaurus,  the  figure  will  represent  better  a 
Lasaurus. 

his  second  notice  Leidy  mentions  his  having  reversed  the 
lities  of  the  vertebral  series  in  the  three  Cimoliasauri  des- 
by  him. 

^ecw  and  Oolite  of  Atcatralia, — Mr.  Charles  Mooke  has 
hed  an  important  paper  on  Australian  Mesozoio  Geology, 
Quart  J.  Geol.  Society  for  1870,  describing  beds  of  the  age 
Middle  and  Upper  Lias  and  Lower  Oolite  from  Western 
dia,  and  Oolitic  or  Lower  Cretaceous  from  Queensland  (at 
imbilla).  Out  of  60  species  of  Mollusks  in  Western  Austra- 
are  found  to  be  identical  with  British  species,  viz : 
monites  AcUensis^  van  Moorei  Lycett,  Upper  Lias ;  A,  radi- 
Bin,  Upper  Lias;  A.  WdlcoUii  Sow.,  Upper  Lias ;  A.  macro- 
'Us  Scnloth,  Oolite;  A.  Brocchii  Sow.,  Oolite;  NdtitUuB 
riatfMWOvh.y  Upper  Lias;  Belemnites  canaliddatua  Mill, 
;  Ghesslya  donaclformis  Goldl,  Upper  Lias ;  MaycUes  Has- 
r  Quenst,  Middle  Lias ;  Ouculkea  oolonga  Sow.,  Oolite ;  P/uh 
ya  omUum  Ag.,  Oolite ;  Avicula  MUnsteri  Gold£,  Oolite ; 
iincUa  Sow.,  Oolite ;  Pecten  cinctus  Sow.,  Oolite ;  P.  calvus 
>.j  Oolite ;  Lima  proboscidea  Sow.,  Oolite ;  X.  punctata  Sow., 
;  Ostrea  Marshii  Sow.,  Oolite;  RkynchaneUa  variabilis 
i,  Oolite ;  CristeUaria  ciUtrata  Montfort,  Oolita  Lima  pro- 
'ea  and  Ostrea  Mar$hii  appear  to  have  been  as  abundant  as 
•  hills  around  Bath ;  and  Pecten  cinctus  from  Australia  at- 
the  same  large  proportions  as  in  this  country.  The  Com 
is  apparently  represented  in  Australia  by  Ammonites  macro- 
kts  and  Avictda  echinatay  and  the  Middle  Lias  by  the  Mya 
lassianus  before  mentioned, 
jpaper  describes  many  new  species. 

^nts  of  the  Coal  formation  of  Langeac^  Haute-Loire;  by 
.  B.  Gbinitz. — The  plants  mentioned  in  this  paper  as  occur- 
t  Langeac  and  remarked  iipon  are  Calumites  cannaformis 
C.  Cisti  Bgt.,  C.  Suckotoi  Bgt.,  Annularla  longifolia  Bgt, 
^ites  arborescens  Sch.,  C,  dentatus  Bgt.,  C.  MiUoni  Artis, 
)pterispteroidesBgty  CurdiocarptMemarginatitsQbm,  &B,y 
ittbieriy  Nbeggerathia  palmoBformis  G6pp.,  Rhabaocarpus 
GOpp.  Sd  F.,  Cordaites  principalis  Grerm.,  IHgonocarpfis 
eratht  Stemb.,  T.  ventricosus  G6pp.  &  F.  The  several  kinds 
it  here  described  give  special  interest  to  the  memoir.  The 
panying  plate  contains  figures  of  several  forms  under  six 
1,  two  species  of  Cardiocarpus,  one  of  Rhabdocarpus,  one  of 
ites,  and  two  of  Trigonocarpus. 
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7.  Sivatherium  in  Colorado. — Dr.  Leidy  refers  a  fragment  of 
a  fossil  from  Colorado  (received  through  Dr.  Harden  from  Dr. 
Gehrung),  with  a  query  to  a  genus  near  Sivathenum,  which  be 
calls  Megctcerope,  He  regards  the  fossil  as  corres]>ondiDg  to  thai 
poition  of  the  iace  which  comprises  ''  the  upper  part  of  the  nose, 
together  with  the  forehead  and  anterior  horn  cores.'*  The  aniinil 
to  which  it  belonged  was  nearly  as  large  as  the  Sivatherium.  The 
distance  between  the  center  of  the  two  horn  cores  is  10 J  inches; 
the  length  of  the  horn  cores  above  the  intervening  space  5  inches; 
the  breadth  of  the  face  where  narrow  below  the  horn  cores  71  in. 
He  names  the  %\iGQ\ef^  Megaceropa  Coloradeneis. — I^'ocAead.J^aL 
Set,  Philad.,  1870,  p.  1. 

8.  Megalonyx  Jeffersoni  in  Illinois. — A  metacarpal  booe  of 
this  Megalonyx  is  announced  by  Dr.  Leidy  (Proc.  Acad.  Nat.  Sd, 
1870,  p.  13)  as  having  been  found  in  a  crevice  in  the  lead-bearing 
rocks  near  Galena,  130  feet  below  the  surface,  along  with  a  last 
lower  grinder  of  the  extinct  Ox,  Bison  antiquus.  The  Museum  oi 
the  Academy  contains  other  bones  from  the  same  locality,  being 
remains  of  a  large  extinct  Peccary,  Platygonus  eompressus^  an  ex- 
tinct Raccoon,  Procyon  priseus,  and  a  large  insectivore,  Anemo- 
don  Snyderiy  all  of  which  were  probably  cotemporaries  of  the 
Megalonyx. 

9.  Mineralogical  Contributions  of  O.  voin  Rath  (Pogg.  Arm. 
cxxxviii,  449). — Vom  Rath  describes  and  figures  here  crystals  of 
the  foUowins:  Vesuvian  minerals :  twins  of  Anorthite,  crystals  of 
Oligoclase,  WoUastonite,  Orthite  and  Humite :  besides  giving  an 
account  of  a  new  mineral  from  Laach  which  he  names  Ainoly&tegik^ 
and  a  description  of  certain  twins  of  orthoclase. 

Amblystegite  occurs  in  small  crystals  of  a  brown  to  reddifib* 
brown  color,  a  gray  streak  slightly  greenish ;  adamantine  luster. 
The  ciystals  are  orthorhombic ;  «-l:I=136°60',  $4:1-2=119*' 26', 
i-X:fX=163°  47',  a:i4=98*'  6f .  B.B.  very  fiisible  and  thus  differe 
from  humite  and  chrysolite.     Composition, 

Si 49-8   3tl505   *e25-6  Slgl7-7  Oa  016=98-30, 

corresponding  to  the  oxygen  ratio  for  ft,  fi,  Si,  12-81 : 2-36 :  2S-56.  Only 
half  a  gram  was  here  used.  The  mineral  is  so  mixed  with  mag- 
netic iron  as  to  be  separated  with  difficulty  for  analysis. 

10.  Ixjutinannite  of  Nordenski6ld  (J.  f.  pr.  Ch.,  cvii,  491)  ao 
cording  to  Hermann  (ib.  II,  i,  447)  is  probably  Vanquelinite; 
Nordenski5ld  made  the  crystals  monoclinic  with  the  inclination 
of  the  vertical  axis  69°  46';  G.  =  5*77,  H.  z=  3,  color  olive-green; 
and  obtained  for  the  composition  (mean  of  two  analyses) — 

Ps-Sl     Cr  15-91     fb6116     Cu  11-64    Je  1*06    ft  1-10=99-18 

Hermann  observes  that  Berzelins  probably  analysed  the  same 
mineral  in  his  examination  of  the  species  he  named  Vanquelinite, 
and  that  if  the  pure  oxyd  of  chrome  of  Berzelins  be  taken  as  a 
mixture  of  phosphoric  and  chromic  acids,  the  two  analyses  closely 
agree,  as  follows : 
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P         Cr         l»b         6u       {"e       fl 

Jerzelias, 8-31     15-85     60-87     10-80     I'lO     1-10=9808 

l^ordenskiftld, 8-31     16-91     61-16     11-64     1-06     1-10=99-18 

K>th  leading  to  the  formula    20u»  P  +  6?b»Cr+2fi. 

11.  Phosphorchromite. — Hermann  (J.  f.  pr.  Ch.,  IL,  i,  450)  thus 
lames  a  chromophosphate  of  lead  and  copper  from  Beresofsk.  It 
KM^urs  concretionary,  crystalline  or  massive  within,  with  a  black- 
sh-green  color,  pistachio-green  streak,  H.  =3,  G.  =6-80.  An  anal- 
rsis  afforded : 

P  9-94    Cr  1013    ^b  68-33     Cu  736     te  2*80    fi  116=9972, 

eading  to  the  formula    3Cu*P+5l»b»Cr+3fi. 

Vanadiolite  of  Hermann  (J.  f.  pr.  Chem.,  ib.  445)  occurs  in 
tmall  crystals,  partly  in  druses,  of  a  dark  or  blackish-green  color 
ind  gray-green  streak ;  dark  emerald-green  color  and  transparent, 
n  small  grains;  of  strong  vitreous  luster,  with  G.  =  3-36.  B.B. 
nelts  on  the  edges  to  a  black  bleb  by  slag.     His  analysis  afforded 

Sil6-61     V  44-85    3fcl  110    te  1-40     fig  2*61     Oa  34-43=100 

md  he  regards  it  as  a  subvanadate  combined  with  augite  like  the 
Liavroffite  of  the  same  locality,  Sltld&nka,  near  Lake  Baikal.  He 
Mrrites  the  formula    Sftgi + 6a«  ( VO*  +  2V0»). 

12.  Wolframite. — Descloizeaux  suggested  in  1850  (Ann.  Ch. 
Phys.,  HI,  xxviii)  that  Wolfram  was  oblique  rhombic  in  crystalli- 
sation, after  some  measurements  of  crystals.  He  has  recently 
x>nfirraed  this  conclusion  (ib.,  IV,  xix,  168,  Feb.  1870)  by  both 
>ptical  and  crystallographic  observations.  He  finds  the  obliquity 
¥f  88',  and  the  prismatic  angle  100°  37'.  His  crystals  were  from 
Bayewka,  near  Ekatherinenbourg,  in  the  Ui-als,  a  variety  which 
ifforded  Mr.  Koulibine,  * 

W  74-32    Je211     An  20-90    Ca  130    Si  0-28=98-91, 

igreeing  nearly  with  Hubnerite,  of  Nevada.     G.=7'357. 

18.  Mamaqiuilitey  a  new  ore  of  Copper ;  by  Prof  Church  (J. 
Db.  Soc,  n,  viii,  1). — Namaqualite  is  named  after  the  region  in 
which  it  occurs,  Namaqualand,  S.  Africa.  It  occurs  in  thin  layers 
>f  silky  fibers,  which,  alternate  with  chrysocolla  and  are  sparingly 
nixed  with  small  crystals  of  *'  magnesia  mica."  Color  pale  blue ; 
H=2'5 ;  G.=2'49 ;  isolated  fibers  transparent  under  tne  micro- 
scope. In  the  closed  tube  yields  much  water  and  blackens ;  at  100^ 
C,  or  over  sulphuric  acid  in  vacuo,  no  loss  of  weight.  Mean  of 
analyses : 

Si  Si  Cu  ftg  Ca  tL 

2-26         15-29        44-74         342         201        32-38sl0009. 

rhe  oxygen  ratio  for  the  protoxyds,  alumina  and  water  is  4 :  3  :  11. 
E*ro£  Cnurch  remarks  that  its  crystallized  condition,  and  its  definite 
&nd  constant  composition  show  that  it  is  a  true  species ;  and  the 
presence  of  a  sesquioxyd  that  it  is  related  in  composition  to  hydro- 
talcite  and  pyroaurite. 

14.  Contrioutions  to  the  Mineralogy  of  Victoria  ;  by  G.  H.  S. 
Ulbich,  F.G.S.  82  pp.  8vo.    Melbourne,  1870.     (Reprinted  from 
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the  Report  on  the  Mineral  Statistics  of  Victoria  for  the  vear  1869, 
presented  to  Parliament.) — ^These  "contributions"  contain  deuuled 
descriptions  of  many  species,  with  figures  of  crystals,  and  some 
aniilyses,  the  latter  by  Mr.  C.  Newbery.  The  following  are  among 
the  new  or  more  interesting  species  noted  by  Mr.  Ulrich. 

Maldonite^  or  Bismuthic  Gold,  from  the  Nuggety  reef,  of  the 
Alliance  Company,  Maiden.  It  occurs  in  particles  m  the  granite 
veins  affording  gold.  It  has  a  pinkish  white  color,  bat  tarnishes 
easily  on  exposure  to  a  dull  copper  color,  and  ultimately  to  black. 
Cleavage  apparently  cubic.  H.=  l*5 — 2.  Malleable  and  very 
sectile.  Formerly  in  larger  pieces  in  the  upper  workings  of  the 
Alliance  Company's  mine. 

Native  Bismuth,  Bismuth  Glance  and  Bismuthite  occur  in  a 
quartz  vein  at  Linton,  Ballarat  district. 

Sdwynite  of  Ulrich  (Dana's  Min.,  p.  609*),  a  chrome-bearing 
mineral,  has  been  further  examined.  Mr.  Newbery  obtained  in 
new  analyses — 

Si  £l  €r  Ag  ]^a  tL 

47-25  35-28  7-82  2*42  —  5*67 

48-42  84-72  6-94  2-11  2-03  4*88 

48-23  38-16  614  121  8-12  2-iH) 

the  mean  of  which  affords  very  nearly  the  oxygen  ratio  for  &,  2, 
Si,  fi,  1 :  16 :  22 :  H.  Mr.  Ulrich  observes  that  the  mineral  is  probably 
an  altered  feldspathic  mineral,  and  related  to  the  Finite  group,  or 
especially  to  gieseckite  and  dysyntribite.  When  polished  it  hw 
some  resemblance  to  nephrite. 

Talcosite  is  a  new  mineral  occurring  in  thin  seams  in  the  selwy- 
nite — the  seams  lamellar-columnar.  Resembles  talc  in  feel.  H.=l ; 
but  transverse  to  lamination  1  •5-2*0.  G.  =2*46-2-5.  Color  silTe^ 
white,  faint  greenish  or  yellowish.  Luster  pearly.  Scales  flexible, 
not  elastic.  B.  B.  exfoliates,  whitens,  eives  otf  water,  and  fuses 
at  4  to  a  blebby  enamel ;  with  cobalt  solution  a  fine  blue.  A  mean 
of  two  analyses  by  Mr.  C.  Newbery — 

Si  4904    3tl  45-98    €r,  ^e,  fig,  Sa,  tr.    fl  4*30s99-32, 
giving  the  oxygen  ratio  of  fi,  Si^  £[=ai5: 6: 1. 

Herachelite  is  found  at  a  quarry  of  basalt  near  the  river  Yarra 
at  Richmond.  Several  interesting  figures  of  its  crystals  are  given. 
It  occurs  with  phillipsite,  analcite  and  calcite.  It  is  also  found  in 
basalt  at  the  shafl  of  the  Ballarat  and  Clunes  Gold-Mining  Co, 
Chines. 

Struvite  in  crystals  occurs  in  guano,  in  the  Skipton  Caves  near 
Ballarat.  The  depth  of  the  guano  is  about  20  feet,  and  it  has  been 
derived  from  the  excrements  of  bats, 

Tetrahedrite,  Stibnite,  Molybdenite,  Brookite,  Cassiterite,  Schec- 
lite,  Sapphire,  Topaz  are  among  the  other  minerals  of  which  men- 
tion is  made  in  the  memoir. 

15.  Lavroffite  (Lawrowit),  has  been  analyzed  by  Hermann  (J.£ 
pr.  Ch.,  1870,  11,  i,  444)  and  shown  to  be  a  vanadiferous  diopside. 

*  1q  the  analysis  cited  in  the  Mineralogy,  Ag  4*36,  should  be  ftg  4*56. 
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obtained  Si  53-65  Si  2-25  te  2-48  Ag  16-00  Ca  23-05=:  100,  with  2-57 

of  hypovauadic  acid. 
6.  On  Sellaite^  a  new  native  Jluorid^  by  Dr.  Struvbr,  Atti  della 
Accad.  di  Tonne,  iv,  1868, 35. — This  mineral  was  detected  on  a 
«imen  of  anhydrite  from  Geibroul^,  in  the  State  of  Ma^giore, 
EMedmont.  On  the  anhydrite  there  were  also  crystallme  sol- 
ir,  dolomite,  and  rare  twins  of  albite.  It  is  tetragonal  in  crys- 
ligation,  :with  I  on  1  (ooP  on  P)=123®  30',  and  t-»  on  f-8  (or 
Poo  on  odP3)  =:161®  84'.  Cleavage  parallel  to  I  and  i-»  perfect. 
=5.  6.=2*972  at  24®  C.  Fracture  conchoidal.  Luster  vitreous, 
iorless.     Transparent.     Powder  white, 

X  is  insoluble  in  water ;  also  in  acids,  except  concentrated  sul- 
iric,  which  causes  an  evolution  of  fluohydnc  acid.  Small  frag- 
nts  melt  in  the  flame  of  a  candle  with  intumescence.  From  the 
dlarity  of  its  reactions  to  those  of  fluorite,  the  author  concludes 
not  improbable  that  the  mineral  is  a  monofluorid  of  magnesium, 
ich  contains  38*71  of  magnesia  and  61*29  of  fluorine.  In  treat- 
;  a  small  fragment  of  it  with  concentrated  sulphuric  acid,  he 
rained  for  the  proportion  of  magnesium  39*64  p.  c.  The  small 
ount  of  the  nuneral  in  hand  prevented  his  making  a  complete 
ilysis.  The  species  is  named  after  the  distinguishea  crystsdlog- 
)her,  QuiNTiNo  Sella. 

L7.  Ambro&Ue. — C.  IT.  Shspard  describes  under  this  name,  in 
e  Rural  Carolinian,  Feb.,  1870,  p.  311,  a  resin  resembling  amber, 
m  the  phosphatic  formation  near  Charleston,  S.  C.  It  is  yellow- 
-brown  externally,  and  clove-brown  within;  feeblj  translucent; 
ks  slowl;^  in  water ;  and  melts  into  a  clear  liquid  at  460^  F., 
er  softening  at  a  much  lower  temperature.  It  gives  off  much 
icinic  acid  long  before  it  melts,  and  a  dense  yellow  oil  is  volatil- 
d  on  its  fusion.  It  is  very  combustible,  bums  with  a  bright 
iowish-white  light  and  pleasant  odor,  and  leaves  no  ash  behind, 
e  name  is  made  from  the  two  words  amber  and  rosin. 
18.  On  the  Gtuinape  Island  Ghuano  and  its  minerals  ;  by  Pro£ 
U.  Shbpabd,  (ib.  May,  p.  469). — Guanape  island  is  two  miles 
rtheast  of  the  Chincha  islands.  A  mineral  occurring  in  balls 
1  veins  in  the  Guanape  Guano,  having  H.  =1*5,  G.  =2*3,  and 
embling  a  little  the  red  Cheshire  rock-salt,  but  rhombic  instead 
cabic  in  cleavage,  is  called  Ghianapite  by  the  author.  He  found 
to  consist  of  sulphate  of  potash  67*75,  sul]>hate  of  ammonia 
88,  oxalate  of  ammonia  3*75=99*38.  It  loses  ammonia  slightly 
exposure  to  the  air. 

\nother  substance  from  the  Guano  is  named  Guanoocalite.  It 
itains  sulphate  of  potash  40*20,  oxalate  of  ammonia  29*57,  water 
46  =100*23.  It  occurs  as  pseudomorphs  of  a  bird's  egg,  hav- 
:  the  size  and  shape  of  that  of  a  domestic  duck.  Color  white 
eriorly,  but  from  the  presence  of  the  altered  shell.  Within, 
I  material  is  foliated  with  a  rhombic  cleavage ;  a  cream-white 
or ;  somewhat  pearly  luster ;  feeble  translucence ;  hardness  be- 
r  2,  and  G.=:l*58.  When  heated  it  swells  up,  blackens,  par- 
tly fuses,  gives  off  copious  fumes  of  ammonia,  and  leaves  a 
ite  residue  of  sulphate  of  potash. 
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In  the  cavities  of  the  spinal  column  and  the  stomaoh  of  the  i^ 
mains  of  birds  from  the  Guano,  yellow  crystals  of  the  mineral 
TayloriU  occur,  a  species  first  noticed  by  W.  3.  Taylor  in  tiie  guano 
of  the  Chincha  Islands.  Alone  with  the  Taylorite  there  are  rat 
merous  minute  scaly  crystals  ot  AphthitalUe  ;  alao  oxalate  of  ain- 
monia,  which  Pro£  Shepard  names  Oxammite.  Oxalate  of  lum 
is  occasionally  observed  in  crystals;  also  phosphate  of  ammonia 
{phosphammite  of  Shepard)  in  crystals  and  lumps ;  and,  as  in 
efflorescence  from  this  mineral,  biphosphate  of  ammonia  (JBiphiOi- 
phammite  S.). 

III.   BOTANY  AND  ZOOLOGY. 

1.   MtsceUaneous  BotaniccU  Notices  and  Obaervaiums. 

The  Code  of  Botanical  Nomenclature,  as  digested  by  M.  Alph. 
DeCandollo  and  adopted  by  the  International  Congress  at  ¥m 
in  1867,  while  on  the  whole  approved  by  botanists,  has  been  vaxi- 
ously  criticised  in  certain  particulars,  some  writers  naturallj 
objecting  to  one  article,  some  to  another.  To  the  more  important 
of  these  criticisms  DeCandoUe  made  reply  at  a  meeting  of  the 
Botanical  Society  of  France  on  the  26th  of  February,  1869.  The 
number  of  the  Bulletin  which  contains  his  oommonication  was 
issued,  we  believe,  at  the  beginning  of  the  present  year.  M.  De- 
CandoUe intimates  that  he  passes  by  the  still  controverted  question 
as  to  the  proper  mode  of  citing  the  authority  for  species  where 
they  have  been  transferred  to  another  than  the  original  genus,  as 
being  one  upon  which  further  discussion  could  hardly  oe  more 
than  iteration.  He  merely  remarks  that  the  more  experience  we 
have  of  the  working  of  the  system  of  double  citation  of  authors, 
whether  with  or  without  parenthesis,  the  more  grave  do  the  incon- 
veniences appear.  Since  we  cannot  readily  msiKe  a  brief  abstract 
of  the  several  points  which  he  does  discuss,  we  will  now  notice 
only  those  upon  which  this  Journal  ventured  to  differ  from  M, 
DeCandoUe  and  the  Congress.  The  chief  serious  objection  was 
raised  upon  article  60,  which  prescribed  the  mode  in  which  unpub- 
lished names,  taken  up  by  an  author,  should  be  subsequently  cited. 
We  remarked  that :  "  For  instance,  there  may  be  no  necessity  for 
taking  up  one  of  Commerson's  names  affixed  by  him  to  his  plants 
in  herbaria ;  but  if  taken  up,  simple  verity  would  seem  to  require 
this  botanist's  name  to  be  cited.  We  should  feel  bound  to  write 
^FUicourtia  Commerson,'  although  published  by  L^Heritier  or 
Jussieu,  who  probably  supplied  the  character.  The  rule  as  pro- 
posed woilld  apply  to  names  communicated  with  manuscript  cW- 
acters  by  one  botanist  to  another,  as  well  as  to  named  specimens. 
Now,  no  botanist  is  bound  to  do  the  work  of  publication  for 
another;  but  if  he  chooses  to  do  so,  the  maxim  quifacitper  alias^ 
etc.,  must  [conversely]  fairly  applyj  and  succeedmg  writers  should 
not  be  required  to  talce  the  godfather  for  the  father.  If  we  rightly 
understand  the  editor,  he  proposes  that  we  should  write  JSktlophui, 
Leptocaulia,  and  Trepocarpus  DC,  although  the  elder  DeCandoUe, 
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accepting  these  names  with  the  specimens  from  Nuttall,  scrupu- 
lonsiy  attributes  them  to  ^  Nutt.  in  litt.'  To  us,  all  such  names, 
which  the  elder  DeCandoUe  has,  at  his  own  discretion,  published 
for  Nnttall,  are  of  Nutt  in  DC.  Prodr,  Jbc?'^ 

To  which  M.  DeCandolle  now  rejoins :  . .  .  .  "  But  see  the  incon- 
venience which  results.  All  the  catalogues  or  dictionaries,  and  all 
indexes  have  X/eptoccntlis  Nutt.  So  we  search  the  works  of  Nutt- 
all,  and  perhaps  even  the  small  papers  scattered  in  the  loumals, 
and  lose  much  time  and  pains;  for  Nuttall  never  published  this 
name.  It  may  be  that  he  would  not  have  desired  to  publish  it  if 
be  had  ezammed  the  question  subsequentlv.  The  date  of  the 
genus  is  that  of  the  publication ;  and  the  publication  is  really  the 
one  essential  thing ;  for  what  are  the  most  important  discoveries 
if  not  published?  In  writing  Jjeptocaulia  Dv.  ex  Nutt.  litt.  the 
primitive  author  is  equally  inmcated ;  but  then  one  will  see  in  the 
Docks  ZfeptocaiUis  DC.^  and  any  one  will  readily  find  in  the  works 
of  DeCandolle  the  origin  of  the  genus  and  the  date  of  publication." 

We  are  disposed  to  add  that  the  information  sought  would  be 
as  readily  found  when  written  ^^Leptocaulis  Nutt  in  DC.^'^  and 
that  this  more  strictly  as  well  as  more  tersely  represents  the  fact 
than  ^*' Leptocaulis  Du.ex  Nutt.  litt.^^  The  full  reference  is  "  Zepto- 
eaulis  Nutt.  in  DC.  Prodr.  4,  p.  107 ;"  and  the  question  is,  whether 
in  mere  enumeration  this  is  to  be  abbreviated  into  ^^  I^ptocaulis 
NtUtj'*  or  ^^  Leptocaulia  DC,^'*  Either  way,  the  work,  as  well  as 
Tolnme  and  page,  has  to  be  looked  up,  and  the  trouble  of  finding 
the  origin  of  the  name  in  the  pages  of  the  Prodromus  may  proba- 
bly be  far  less  than  if  Nuttall  had  published  it  directly  in  one  of 
his  various  scattered  papers.  But  let  us  in  our  turn  test  the  new 
rale  by  the  results  whicn  would  ensue  from  its  consistent  applica- 
tion. To  the  first  volume  of  the  Flora  of  North  America  Nuttall 
contributed  a  large  number  of  new  species  and  genera,  which  were 
published  for  him  by  the  authors  of  that  work ;  but  for  which,  if 
cited  according  to  the  new  rule,  they  would  seem  to  have  incurred 
a  responsibility  much  beyond  what  was  counted  on.  They  might 
well  msist  that  the  new  mode  of  citation  was  misleading.  More- 
over, if  ^  Centrosteyia  A.  Gray,  mss.,"  so  published  in  fientham's 
Mriogoneoe  contributed  to  DeCandoUe's  Prodromus,  is  briefly  to 
be  cited  "  Centrostegia  Thurheri  Benth.  in  DC.  Prodr,"  must  not 
Mriogonum  Douglasii  and  a  score  of  other  such  species  on  the 
same  principle  be  cited  as  jE  Douglasii  Alph.  DC,  &c.  ?  for  we 
shoula  search  the  works  of  Bentham  in  vain  for  these  names, 
losing  mach  time  and  pains.  It  will  of  course  be  said  that  the 
**auctor  Bentham"  at  the  top  of  the  page  explicitly  indicates  the 
actual  author;  but  so  equally  does  the  "A.  Graymss."  at  the 
head  of  that  article.  To  take  another  instance :  upon  this  plan  we 
may  be  required  to  write  ^^Eliottia  Elliot"  (Sketch,  1,  p.  448). 
Elliott  himself  wrote  ^^EUiottia  Muhlenberg,"  adding,  "I  have  in- 
serted it,  as  requested  by  Dr.  Muhlenberg,  under  this  name."  He 
adds  to  the  specific  name  "  Muhl.  Cat."  mdeed.  But  the  context 
shows  that  the  second  edition  of  Muhlenberg's  Catalogue  was  not 
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then  published ;  it  is  doubtful  if  it  was  so  when  that  part  of  £l}i> 
ott^R  nrst  volume  was  issued ;  and  if  it  were,  the  enameration  in  the 
catalogue,  according  to  the  Code,  is  not  tantamount  to  pnbHa- 
tion.  There  are  other  well-known  cases  of  a  similar  sort,  in  wfaid 
an  author  would  become  liable  to  the  imputation  of  dedicating  a 
genus  to  himself. 

When  we  consider  how  punctilious  the  elder  DeCandolle  was  m 
this  respect  and  others  of  a  similar  sort,  and  how  generally  he  hit 
been  followed,  we  must  regard  the  change  proposed  in  the  code 
and  exemplified  in  some  (but  not  all)  of  the  later  Tolames  of  the 
Prodromus  as  an  innovation  rather  than  the  declaration  of  an  exist- 
ent common  law,  or  a  natural  development  of  it.  The  laudable  end 
sought,  however,  in  this  and  in  article  42,  is  to  obviate  or  diminish 
grave  and  growing  inconveniences  which  arise  from  imperfect  pab- 
ucation  and  merely  recorded  names  in  collections  and  herbaiia. 
And  here  we  da  not  com{>lain  that  the  rights  of  pnblicatipn  tbrousfa 
the  distribution  of  specimens,  conceded  in  art  42,  are  aeemin^y 
very  much  restricted  by  the  new  commentary.  The  duty,  or 
perhaps  comity,  of  respecting  imperfectly  published  or  unpabhsbed 
names  is  only  one  of  imperfect  obligation,  as  the  moralists  would 
say,  and  therefore  not  to  be  fixed  by  law  but  governed  by  discre- 
tion. Legal  rights  begin  only  with  publication,  no  matter  by 
whose  agency.  We  would  only  urge  that  subsequent  citation, 
purporting  to  indicate  the  origin,  should  not  in  effect  misquote  the 
record. 

BaiUorCa  Histoire  des  Plantes^  briefly  noticed  in  our  January 
number,  goes  on  well  We  have  received  two  more  monographs 
published  since  the  year  began ;  one  of  the  Proieacem^  the  otntf 
and  much  larger  one  of  the  Papilionaceous  LegutnuiOBce.  The 
paper  and  print  are  most  excellent  and  attractive :  so  also  are  the 
wood-cuts,  as  is  usual  in  French  publications  of  this  kind.  We 
notice  that  an  English  translation  is  announced.  Considering  the 
high  price  and  generally  limited  sale  of  botanical  books  in  England 
we  should  not  expect  it  would  pay.  But,  if  it  could  ever  be  finished 
upon  the  plan  adopted,  it  would  be  aproper  companion  and  com- 
plement to  LeMaout  and  Decaisne's  Iraiti  General  de  JSotaniqve^ 
of  which  an  English  edition  is  now  in  preparation  under  the  best 
auspices.  The  latter  copiously  illustrates  the  families,  and  barely 
enumerates  some  of  the  principal  genera.  The  former  illustrates 
the  tribes,  <fec.,  by  a  general  history  of  the  structure  of  some  lead- 
ing representatives,  cast  in  a  popular  and  readable  form,  and  adds 
the  characters  of  the  genera,  in  the  ordinary  technical  form  and  in 
the  Latin  language. 

An  attempted  Improvement  in  the  Arrangement  of  JPbnu  and 
in  the  Nomenclature  of  their  SubdivisionSj  is  the  title  of  a  pam- 
phlet by  the  Rev.  Prof  Hincks  of  the  University  of  Toronto  and 
President  of  the  Canadian  Institute ;  a  popular  account  of  the 
structure,  fructification,  and  fertilization  of  this  group  of  plants, 
which  he  regards  as  an  alliance  (Filicales\  containing  the  three 
orders,  OsmundacecBj  Cyatheacce^  and  PolypodiaceoB^  founded  on 
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the  sporangia,  the  OphioglorBacem  being  excluded  by  their 
^  straight  aestivation  '^  [vernation]  and  referred,  as  is  natural,  to 
the  Ijycopodiacece,  The  tribes  of  the  first  two  filical  orders  three 
each,  of  the  JPolypodiaeecB  four  times  three,  or  three  for  each 
cLirision  or  subdivision,  founded  on  the  son.  For  genera  he  is 
disposed  to  make  more  of  the  venation  than  is  the  present  mode, 
ind  less  of  stipes  and  articulation,  and  so  discards  Phegopteris, 
finally,  he  takes  up  the  questions  relating  to  Aspidium^  both  as 
to  generic  comprehension  and  nomenclature,  and  proposes  to  keep 
Itoairea  and  P^siichum  as  genera. 

^77^  Oenu$  Hydrolea  is  reviewed  by  A.  W.  Bennett  in  the  63d 
number  of  the  Journal  of  the  Linnean  Society  (May,  1870),  and 
the  species  are  brought  up  to  thirteen,  of  which  three  are  here 
established.  That  &.  a^nis^  described  in  the  last  edition  of 
Grray's  Manual,  should  have  been  overlooked  is  not  to  be  won- 
lered  at ;  but  specimens  of  it  doubtless  occur  in  the  Kew  herbaria, 
probably  confounded  with  J7.  quadrivcUvU.  Mr.  Bennett  sides 
irith  Choisy  in  keeping  up  the  order  HydroleaceoB^  as  distinct 
from  SydrophyttacecBy  ^^  most  clearly,^'  on  account  of  ^'  the  bilocu- 
lar  manyHseeded  ovary,  azile  placentation,  and  leaves  invariably 
nmple.'^  These  characters  come  down  to  two,  the  indefinitely 
namerous  ovules  and  the  two-celled  ovary.  But  the  new  Califor- 
nian  genus  Draperia  Torr.  stands  in  the  sap,  having  the  two-celled 
ovary  as  well  as  the  habit  of  Niama^  with  the  geminate  ovules  of 
proper  Phaedia, 

Tampico  Jalap  has  within  the  last  few  years  come  into  the 
markets  as  a  distinct  sort,  and  ^^  although  less  rich  in  resin  and 
less  purgative  than  true  jalap,  yet  on  account  of  its  lower  price  it 
has  found  a  ready  sale.''  Mr.  Daniel  Hanbury  has  traced  the 
urticle  to  its  source,  in  the  root  of  a  new  Ipomoec^  I.  aimtdans 
Hanbury,  described  and  figured  in  the  5dd  number  of  the  Journal 
of  the  Linnean  Society,  which  inhabits  the  Sierra  Grorda,  etc.,  in 
Mexico. 

A  Revinon  of  the  Flora  of  Iceland  is  the  title  of  an  extensive 
paper  in  the  same  Journal,  by  Professor  Babington.  The  cata- 
u^e  of  Phienogamous  and  Acrogenous  plants  reaches  407  species. 
AUhongh  Iceland  touches  the  arctic  circle  and  is  largely  occupied 
by  mountains,  '^  many  of  which  rise  to  the  height  of  6000  feet  and 
ne  covered  through  fully  their  upper  half  with  perpetual  ice  and 
mow,  from  whence  extensive  glaciers  descend  aunost  to  the  level 
of  the  sea,**  yet  the  climate  is  rendered  so  mild  comparatively  by 
the  influence  of  the  Gulf  Stream  which  washes  the  coast,  ana  the 
rain-fall  and  prevailing  cloudiness  in  summer  are  so  great,  that, 
idiile  on  the  one  hand  there  is  no  proper  forest,  on  the  other  ^^only 
B2  qpecies  are  found  which  do  not  form  part  of  the  British  Flora,'' 
ind  not  more  than  three  are  decidealy  arctic,  viz.,  Qentiana 
ieioiuaj  Pteurogyne  rotata^  and  JEpiMnum  laiifolitim.^  All 
three  of  these  come  down  to  comparatively  low  latitudes  and  low 
levels  in  North  America.  A  plant  of  much  interest,  and  which 
ihoold  be  thoroughly  compared  with  that  so  named  in  North 
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America,  is  Platanthera  hi/perborea^  of  which  the  present  writef 
craves  Icelandic  specimens. 

77i6  Fertilization  of  various  Flowers  by  Insects  is  the  title  of  an 
original  paper,  contributed  by  Dr.  Wm.  Ogle  to  the  April  numlwr 
of  the  Popular  Science  Review.     Of  the  various  mechamcal  con- 
trivances described,  as  also  of  the  views  suggested,  some  are  not 
novel,  tlie  writer,  as  he  states,  not  beine  familiar  with  the  botani- 
cal literature  of  the  subject  (and  this  is  most  evident) :  but  the 
whole  article  is  well  worthy  of  much  attention,  and  would  have 
been  most  interesting  to  the  general  reader — the  narrative  bong 
remarkably  clear— except  that  it  is  so  disfigured  by  typographiaii 
errors  as  to  be  almost  unintelligible  to  ordinary  readers ;  indeed, 
the  proofs  would  seem  not  to  have  been  revised  at  alL     Tlie  moet 
interesting  and  original  portion  is  that  which  relates  to  the  ferdfi- 
zation  in  the  Heath  family,  and  to  the  use  of  the  awns  or  appen- 
dages on  the  back  of  the  anthers  in  Heaths,  TJvarTJrsi,  Vaccinmm, 
Ac,  by  which  the  bee  in  sucking  the  flower  topples  or  moves  the 
anther,  so  that  the  pollen  falls  out  of  the  terminal  openings  upon 
the  insect's  head.     ]3ean-flowers  and  their  fertilization,  as  also  in 
related  papilionaceous  blossoms,  are  well  described;   and  it  if 
noticed  that,  while  some  bees  have  learned  to  get  at  the  nectar 
feloniously  by  making  a  hole  in  the  side  of  the  ealyx-tabe,  and 
others  enter  the  regular  way,  and  so  do  their  proper  work,  an 
individual  l>ee,  visiting  a  succession  of  bean-flowers,  keeps  persist- 
ent iv  to  the  one  or  the  other  plan.     ^^It  would  thus  appear  that 
the  habit  is  not  an  instinct,  belonging  by  inheritance  to  the  whole 
spei'ies,  but  is  in  each  case  the  result  of  individual  experience.    As 
with  the  same  experience  some  bees  have  acquired  the  habit  and 
otlu-rs  have  not,  we  must  admit  not  only  that  these  insects  are 
intelligent,  but  that  thev  differ  from  each  other  in  their  degrees 
of  intelligence,  some  bemg  slow  in  acquiring  knowledge,  others 
quicker."     Perhaps  the  knowing  ones  have  inherited  the  knack,  in 
which  ease  it  is  instinct  in  them,  after  alL     Instinct,  briefly  defined, 
is  congenital  habit. 

Elements  dt  Botanique  €t  de  I^ysiologU  Vegitaie,  mnvisPime 
petitv  Flort'  sitttple  et  facih  pour  aider  d  dicouvrir  les  noms  dsi 
Plafttt\^  lisplus  communs  du  Canada :  par  TAbb^  Ovide  Bnu^rr, 
Prof.  Bot.  ^  rUniversitiS  Laval  Quebec,  1870. — A  very  neat  little 
book,  prepared  by  Prof.  Brunei,  as  a  sort  of  first  book  in  Botany 
for  Lower  Canada,  where  French  is  still  the  language  of  instruc- 
tion. It  is  illustrated  by  wooil-cuts  mostly  from  very  good  draw- 
ings bv  the  author's  own  hands ;  and  the  stmetnral  and  physio- 
logicaf  part,  and  also  the  little  flora,  seem  to  be  as  dear  as  they 
well  can  be  in  the  diminutive  space  thev  occupy;  excepting  that 
Abies  Ciinadensis  is  put  with  Balsam-l^ir  into  'a  genns  in  which 
the  scales  are  said  to  fall  from  the  axis,  which  is  an  obvions  over- 
sight. It  is  curious  to  see  what  the  plants  are  which  are  taken  u 
the  commonest  in  Lower  Canada,  and  what  the  popular  names  are. 
For  instance,  >Sarrficenia  is  known  as  "  Petit-cochons  ;**  Wood- 
|DRel  as  ^  Alleluia ;"  Impatiens  /Wra  as  "  Chou-sanvage ;"  Bama- 
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"  Caf(S-du-Diable ;"  Cranberry  as  **  Atoca,''  but  Vdcinium 

cea  as  "  Pommes-de-terre." 

herbarium  of  the  late  Von  Martins  has  been  purcbased  for 

•ancs  by  the  Belgian  Government,  to  form  tne  nucleus  of 

il  collection  at  Brussels. 

\fichaitx  Ghrove  Oaks, — This  name  is  to  be  applied  to  a 

n  of  Oaks  to  be  planted  in  Fairmount  Park,  Pniladelphia, 

jh,  if  practicable,  shall  grow  two  oaks  of  every  kind  that 

are  the  climate,"  in  commemoration  of  the  younger  (F.  A.) 

:,  author  of  the  Sylva  Americana,  and  his  father,  author  of 

des  Chines  de  i*Amerique,  The  grove  is  to  be  main- 
>y  the  income  of  a  legacy  of  $6000  bequeathed  by  the 

Michaux  to  the  American  Philosophical  Society,  in  trust 
•ricultural  purposes,  which  legacy  is  now  devoted  by  the 
to  this  use. 

3<Bckeler  is  publishing  in  the  current  volume  of  the  Lin- 
!ull  account  of  the  Cyperace»  of  the  Kojal  Hebarium  of 
^hich  now,  in  the  fourth  fasciculus  reaching  the  Scirpem^ 
ing  of  consequence  to  United  States  botanists.  He  describes 
supposed  new  species  of  Cyperus  and  a  few  of  JSUochariB^ 
I  identifies  several  of  ours  with  older  species,  making  some 
of  nomenclature.  By  what  may  be  a  good  hit  he  refers 
r  squamula  of  Hemicarpha  to  an  abortive  stamen,  and  so 
e  species  to  Scirpus,  ours  becoming  8,  micranthtu  VahL 
•itf  Astragali  JSperies  Oentogasm  pars  altera. — ^The  first 
this  monograph  by  Prof.  Bunge  of  the  Old- World  species 
a  thousand  in  number)  of  the  great  genus  Astragalus^  was 
ed  in  our  January  number.  We  have  now  received  the 
ion,  containing  the  systematic  enumeration  of  the  species, 
.racters  and  descriptions  of  most  of  them,  and  the  synonymy, 
k  is  published  bj  the  Imperial  Academy  of  St.  Petersbui^h, 
i  being  the  initial  number  of  the  15th  volume  of  its  Mb- 
pp.  254. — ^The  succeeding  number,  of  over  800  pages,  con- 
part  first  of 

Caucasiy  by  Rupprecht,  with  six  plates.  It  carries  the 
x)m  RanunculacecB  down  to  Vitacece,  The  species  are 
d  or  annotated  at  large,  but  not  by  definite  technical 
jrs,  and  vast  observation  tind  learning  are  exhibited,  along 
iking  for  multiplication  of  genera.  Dr.  Rupprecht  consi£ 
lame  Viola  umbrosa  of  Fries  (1828)  to  have  precedence  of 
Selkirkii  Pursh  ex  Goldie,  1822,  on  the  ground  that  the 
ame  was  not  published  until  1833  by  Hooker.     But  in 

paper  (which  indeed  was  drawn  up  by  Hooker)  there  is  a 
itm  diagnosis  of  the  species  followed  by  almost  half  a  page 
led  description  in  English ;  in  fact,  hardly  any  species  has 
nre  efiTectually  published. 

3entham'*s  Presidential  Address  at  the  anniversan"  meeting 
r  is  somewhat  briefer  than  usual,  but  not  less  likely  to  at- 
^ntion.  It  is  mainly  devoted  to  two  topics :  1,  the  results 
1  from  the  recent  explorations  of  the  deep-sea  &una0 ;  and 


280  Scieni^  ItUeWgence. 

2,  those  from  the  investigation  of  the  tertiary  deposits  of  the  aretie 
regions,  "tending  1>oth  of  them  to  elucidate  in  a  remariuMe 
degree  one  of  the  most  important  among  the  disputed  qaestiom 
in  biological  history,  the  continuity  of  life  through  snecetnTe 
geological  perioils.^  After  briefly  indicating  where  the  principl 
data  are  recorded,  Mr.  Bentham  continues : 

'*  It  would  be  useless  for  me  here  to  retrace,  after  Dr.  Carpmter 
and  Prof  Verrill,  the  outlines  of  the  revolution  which  these  marine 
discoveries  have  caused  in  the  previously  conceiYed  theories,  both 
as  to  the  geographical  distribution  of  marine  animals,  and  the  rds> 
tive  influences  upon  it  of  temperature  and  depth,  and  as  to  the 
actual  tem|>erature  of  the  deep  seas,  or  to  enter  into  any  detuls  of 
the  enormous  additions  thus  made  to  our  knowledge  ot  the  dive^ 
sities  of  organic  life ;  and  it  would  be  still  further  from  my  proviiMe 
to  consider  the  geological  conclusions  to  be  drawn  from  them.  My 
object  is  more  espeaally  to  point  out  how  these  respectiye  dipi 
into  the  earlv  history  of  marine  animals  and  of  terrestrial  foreiti 
have  aflbrded  the  strongest  evidence  we  have  yet  obtained,  tint 
apparently  unlimited  permanency  and  total  change  can  go  on  side 
by  side,  without  lequuing  for  tbe  latter  any  general  catastrc^ 
tfiat  should  preclude  the  former. 

"  There  was  a  time,  as  we  learn,  when  our  chalk-olifh,  now  high 
and  dry,  were  being  formed  at  the  bottom  of  the  sea  by  the  gradul 
gn>wth  and  decay  of  Globigerins  and  the  ^nimmU  that  fed  on  them 
— amongst  othere«  for  instance,  /^Atsoenniff,  and  TersftrofnliMi 
C(i/Hil-«fi7tCi«/Mr ;  and  when,  at  a  later  period,  the  ufAeayal  of  the 
ground  into  an  element  where  these  animals  could  no  longer  live 
arrested  their  projrrvss  in  that  direction,  they  had  already  qvresd 
over  an  area  sufficiently  extensive  for  some  part  of  their  race  to 
maintain  it«elf  undisturbed;  and  so,  on  fimn  that  time  to  the 
pni'seut  day«  by  gradual  dispersion  or  migration,  in  (me  directioD 
or  another,  the  same  Rhiwocrinut  and  Tenbrv^mKna  hmye  alwayi 
been  in  ^Kkssession  of  some  genial  locality,  where  they  haye  ood* 
tinued  from  generation  to  generation,  and  still  continue,  with 
Globigeriiue  and  other  animaisc  forming  chalk  at  the  bottom  of  the 
sea«  unchanged  in  structural  character,  and  rigidly  oonaenrative  m 
habits  and  mode  of  life  thioogh  the  vast  geological  periods  thej 
have  witnessed.  So  also  theiv  was  a  time  when  the  hiUnsides  oi 
Greenland  and  Spitxbergeo.  now  enveloped  in  neyer-melting  ice 
an«i  snows,  wei««  under  a  genial  climate,  clothed  with  forests,  is 
which  flourished  Tvutodi^im  ditiitkmm  (with  iSs^womf,  Magndkf^ 
and  many  othen) :  and  when  at  a  later  period  these  forests  wcm 
deetioyecli  by  the  general  ivfrignation,  the  Taxodinm  alreadj 
occupiV^i  an  aiva  extensiye  enou|^  to  include  some  districts  is 
whicn  it  could  still  liye  and  piopagate;  and  whaterer  Tieiantiidei 
it  may  have  met  with  in  some  parts,  or  even  in  the  whole,  of  iti 
original  aivsk  it  has.  by  gradual  extension  and  migration,  alwayi 
foud  some  spot  where  it  has  gone  on  and  thriven,  and  eondnaed 
^li  race  from  gmeradon  to  gcMraoon  down  to  the  present  dif, 
^slM^ged  in  chainctcr,  and  unaoilifcut  in  its  requirenientB.    b 
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>th  cases,  the  permanent  animals  of  the  deep-sea  bottom  and  the 
srmanent  trees  of  the  terrestrial  forests  have  witnessed  a  more  or 
S8  partial  or  complete  change  in  the  races  amongst  which  they 
ere  commingled.  Some  of  these  primitive  associates,  not  en- 
>wed  with  the  same  means  of  dispersion,  and  confined  to  their 
iginal  areas,  were  extinguished  by  the  geological  or  climatologi- 
J  changes,  and  replaced  by  other  races  amongst  which  the  per- 
anent  ones  had  penetrated,  or  by  new  inmiigrants  from  other 
"eas;  others,  again,  had  spread  like  the  permanent  ones,  but  were 
S0  fitted  for  the  new  conmtions  in  which  they  had  become  placed, 
id  in  the  course  of  successive  generations  have  been  gradually 
odified  by  the  Darwinian  process  of  natural  selection,  the  survival 
'  the  fittest  only  among  their  descendants.  If,  in  after  times,  the 
)heaved  sea-bottom  becomes  again  submerged,  the  frozen  land 
9Comes  again  suited  for  vegetation,  they  are  again  respectively 
►vered  with  marine  animals  or  vegetable  life,  derived  from  more 
'  less  adjacent  regions,  and  more  or  less  different  from  that  which 
ley  originally  supported,  in  proportion  to  the  lapse  of  time  and 
ctent  of  physical  changes  which  had  intervened.  Thus  it  is  that 
e  can  perfectly  agree  with  Dr.  Duncan,  that  ^  this  persistence  (of 
•pe  and  species  through  ages,  whilst  their  surroundings  were 
langed  over  and  over  again)  does  not  indicate  that  there  have 
It  been  sufficient  physical  and  biological  changes  during  its 
sting  to  alter  the  face  of  all  things  enough  to  give  geologists  the 
ght  of  asserting  the  succession  of  several  periods  y  but  we  can, 

the  same  time,  feel  that  Dr.  Carpenter  is  m  one  sense  justified 

the  proposition,  that  we  may  be  said  to  be  still  living  in  the 
retaceous  period.  The  chalk  formation  has  been  going  on  over 
•me  part  of  the  North  Atlantic  sea-bed,  from  its  first  commence- 
ent  to  the  present  day,  in  unbroken  continuity  and  unchanged  in 
laracter.'' 

A  portion  of  this  address  will  probably  astonish  the  vegetable 
deontologists,  excepting  perhaps,  Mr.  Lesquereux,  whose  cautious 
i^rtiage,  and  his  statement  in  this  Journal  that,  properly  speak- 
gj  no  species  can  be  established  from  leaves  or  mere  fragments 
'  leaves,  are  commended.  For  the  President  of  the  Lmnaean 
iciety  avows  himself  wholly  skeptical  as  to  the  "New  Holland 

Europe"  of  eocene  times,  denying  the  existence  of  a  single 
ecimen  out  of  the  nearly  one  hundred  supposed  tertiary  species 
hich  a  modem  systematic  botanist  would  admit  to  be  Proteaceous, 
ilesa  received  from  a  country-  where  JProteaceoB  were  otherwise 
lown  to  exist.     The  grounds  of  this  opinion  are  given  in  detail. 

The  Student's  Flora  of  the  British  Islands,  by  J.  D.  Hooker, 
B.,  Ac,  just  issued  by  Macmillan  &  Co.,  comes  to  take  the 
ioe  of  Hooker  &  Arnott's  British  Flora,  now  out  of  print  and 
.tioaated,  as  that  took  the  place  of  Sir  William's  British  Flora 
iieii  did  such  good  service  in  its  day  and  in  its  five  editions.  In 
ese  a  gotodly  octavo,  then  a  thick  duodecimo,  it  now  becomes  a 
mpact  1 6mo,  a  very  "  handy  book,"  which  may  be  carried  in  the 
br.  JouB.  8ci.— Second  Series,  Vol.  L,  No,  149.-  Sept.,  ISTQl 

18 
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pocket ;  but  this  compactnesB  is  not  at  the  expense  of  either  deu^ 
ne8S  or  fullness.  "  The  object  of  this  work,''  so  the  preface  opens,  < 
''  is  to  supply  students  and  field-botanists  with  a  fuller  accoant  d 
the  plants  of  the  British  Islands  than  the  manuals  hitherto  in  ve  ' 
aim  at  giving.''  The  body  of  the  volume,  exclusive  of  SynopM 
and  Index,  is  contained  in  474  pages;  the  species  appear  nearly  to 
average  three  to  the  page.  We  are  glad  to  see  that  orthodox 
specitic  characters  are  kept  up,  and  tliat  they  are  specific  ehara&- 
ters,  diagnoses,  not  descriptions.  Descriptive  matter  follows  uid, 
with  habitat,  range  in  elevation,  and  distribution  in  general,  foim 
a  secondar}'  paragraph  of  much  greater  extent  than  the  diagnooi; 
and  theti  ^'  &ulhspecies  "  are  numerous  and  fully  characterised,  u 
are  occasionally  varieties  of  second  order  under  them.  T^ 
species  are  naturally  arranged,  under  sections  when  needful;  bit 
keys  to  the  species  are  not  given,  the  author  ''  findhig  from  expe- 
rience that  such  keys  promote  very  superficial  habits  amongit 
etu<lonts," — which  thev  certainly  do.  As  the  book  is  whollv  ncv, 
and  the  descriptions  all  at  first  hand,  from  living  plants  saii  dried 
specimens,  a  good  many  slips  and  oversights  are  inevitable.  With 
the  longest  experience  and  great  painstaking  these  cannot  be 
avoided,  but  have  to  be  weeded  out  at  leisure.  Here  where  a 
British  Flora  is  only  incidentally  used,  we  have  no  call  to  point 
out  such  as  we  have  noticed,  most  of  which  are  sure  to  be  rectified 
in  the  new  edition,  which  must  needs  be  promptly  called  for.  But 
we  will  venture  to  find  fault  with  one  typographical  blemish,  ai 
we  think  it,  viz.,  the  insertion  of  the  accent  mark  between  the 
letters  in  generic  and  s)>ecific  names,  so  as  to  display  an  unsightly 
clett  in  the  middle.  Surely  the  London  printing-houses  have,  <Hr 
can  have,  the  vowels  with  accents  cast  upon  the  type ;  and  there 
are  ways  of  indicating  whether  the  vowel  be  long  or  short,  if  thai 
be  worth  the  while.  This  whole  business  of  accentuation  is,  no 
doubt,  of  secondary  consequence,  and  plainly  is  not  so  much  con- 
sidered by  English  botanists  of  the  present  day  as  by  those  of  a 
past  generation.  But  ordinary  students  and  amateurs  may  fiixly 
ask  for  guidance;  and  those  who  have  occasion  to  coin  many 
botanical  names  are  bound  to  consider  in  advance  how  they  moft 
neetis  l>e  pronounced.  Artificial  kevs  to  the  natural  orders  an 
liable  in  Si>me  degree  to  the  same  objection  as  are  keys  to  species; 
but  they  are  almost  indispensable  to  youn^  students ;  only  they 
must  l>e  made  with  extreme  care,  and  every  deviation  or  exceptioB 

Erovided  for.  A  synopsis  of  the  natural  orders,  such  as  Dr.  Hooker 
as  prepan.>d,  guardeil  by  mention  of  exceptions  and  qoalificadou, 
has  Its  own  advantages,  and  where  the  number  of  orders  iis  not 
larger  than  in  Britain  may  perfei»tly  serve  the  purpose.        a.  g. 

27it  Americtin  £ntoinoioffi^y  now  publishea  at  St.  I^ois,  has 
this  year  addinl  the  words  '^  and  Botanist  *^  to  its  title,  and  Dr. 
George  Vasey  has  taken  charge  of  the  Botanical -Departinait 
He  has  entereii  upon  his  duties  with  promising  vigor,  and  is  pro- 
ducing a  series  of  popular  botanical  articles  which  are  likely  to  be 
widely  read  throughout  the  western  country  and  to  be  very  oaefeL 
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In  the  combined  July  and  August  number  the  editor  has  a  spirited 
article  upon  the  Origin  of  Prairie  Vegetation,  which  is  mainly  a 
criticism  of  the  writings  of  Prof  Winchell  upon  this  subject  in  his 
*^  Sketches  of  Creation.''  K  it  is  seriously  maintained  in  that  work 
Ihst  seeds  buried  in  diluvial  deposits  may  have  retained  their 
▼itality  during  the  glacial  period,  and  by  their  germination  after 
it  **  reproduced  the  flora  of  the  prse-glacial  period,"  we  can  only 
wonder  that  this  immense  extension  of  the  hypothesis  of  the  inden- 
nite  vitality  of  buried  seeds  should  have  been  made  at  a  time  when 
aoLOSt  biologists  probably  doubt  whether  any  seed  ever  preserved 
the  power  of  germination  for  a  century  or  two.  a.  g. 

2.   Carbolizing  Birds;  by  H.  W.  Parker.    (Communicated  by 
tlie  Author.) — The  following  methods,  carefully  studied  for  two 

iears,  with  results  noted,  are  recommended  for  the  saving  of  birds 
I  warm  weather  until  the  operator  finds  time  to  skin  mem ;  for 
the  permanent  preparation  of  drawer  specimens,  where  the  student 
needs  a  large  series  of  individuals  to  determine  the  variations  and 
limits  of  species ;  and  for  mounting  small  birds,  at  least  as  tem- 
porary representatives,  when  neither  the  time  nor  the  expense  in- 
Tolved  in  the  old  methods  can  be  afforded. 

The  viscera  are  removed,  to  effect  which  neatly  the  legs  are 
pinned  widely  apart,  and  a  paper  several  times  folded  is  pinned 
4yTer  the  tail  in  the  direction  whither  the  viscera  are  drawn  out. 
With  proper  care,  the  sex  is  readily  observed.  A  wad  of  cotton 
absorbs  the  fluids  remaining  in  the  cavitjr.  The  leg  is  then  grasped 
dose  to  the  body,  and  a  knife  or  wire  is  introduced  into  the  cavity 
and  run  down  into  the  flesh  of  the  leg,  working  the  instrument 
aroondy  but  not  so  as  to  break  the  skin.  For  a  small  bird,  Ave  to 
ten  drops  of  the  commercial  fluid  preparation  of  carbolic  acid  is 
made  to  anoint  the  whole  interior,  and  to  penetrate  the  leg  'b^ 
stretching  and  relaxing  the  same  in  proper  position.  The  apph- 
cation  is  repeated  after  the  first  drops  are  absorbed ;  and  a  wad 
of  cotton,  wet  with  the  acid,  may  be  left  close  under  the  breast- 
hone  next  to  the  neck.  The  cavity  is  then  filled  with  cotton  and 
the  skin  drawn  back  into  place.  The  inside  of  the  mouth  is  well 
anointed,  and  a  saturated  wad  of  cotton  pushed  down  the  whole 
length  of  the  neck.  The  eyes  are  removed  by  a  hooked  wire  in- 
serted into  the  ball,  the  head  being  so  held  that  the  humors  of  the 
eye  will  drop  without  soiling  the  lids.  The  moist  lids  are  left  as 
open  as  possible,  and  the  specimen  placed  in  a  cool  cellar  till  the 
next  day,  when  the  lids  are  dry  enough  to  take  their  open  shape. 
Hen  a  nail  is  inserted  through  the  lids  and  pushed  through  the 
bone  at  the  back  part  of  the  orbit  into  the  brain,  and  so  worked 
as  to  make  a  good  opening.  A  tightly  rolled  bit  of  cotton,  satu- 
rated with  the  acid,  is  pushed  into  the  brain  and  worked  around 
in  it,  care  being  taken  not  to  wet  the  eyelids.  K  by  chance  the 
feathers  are  Vet,  the  acid  can  be  removed  by  powdered  chalk,  re- 
peatedly applied. 

Specimens  so  prepared  in  warm  weather,  can  be  skinned  a  week 
or  two  after,  if  kept  boxed  in  a  cellar.     No  smell  of  decomposi- 
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tion  is  observed ;  the  acid  gradually  and  completely  penetrates  the 
pectoral  muscles ;  the  skin  is  strong  and  the  leathers  not  looseoei 

For  permanent  preparation,  the  skin  should  be  laid  open  from 
the  abdomen  to  the  neck,  the  pectoral  muscles  removed  and  it- 
placed  by  cotton,  and  the  incision  sewed  up.  The  throat,  neA 
and  orbits  are  also  filled  with  cotton.  The  specimen  should  theo 
be  suitably  arranged,  encircled  by  a  slip  of  paper,  and  placed  ob 
a  bed  of  cotton.  Before  this,  the  flesh  of  the  wings  uioold  be 
laid  open  and  arsenic  applied  in  the  usual  manner. 

For  mounting,  it  only  needs  to  run  one  wire  through  the  fooC^ 
tarsus,  and  so  on  through  the  neck  to  the  forehead,  and  another 
wire  through  the  other  foot  to  any  point  in  the  back  or  breait 
where  the  end  of  the  wire  catches  firmly.  Papers  or  strings  fer 
keeping  the  feathers  in  place  should  remam  lone.  Some  shrinkinff 
about  the  head  and  neck  will  eventually  follow  in  the  case  a 
many  birds,  particularly  those  of  the  smallest  size  or  of  scanty,  of 
close,  plumage ;  but  in  other  instances  no  shrinkinewhatever  can 
be  noticed  after  more  than  a  year  of  drying.  The  cabinet  is 
which  they  have  been  set  up  is  made  insect-proof  by  means  of 
pastvd  cloth  and  paper,  putty  and  paint,  fifteen  inches  passage 
way  being  left  in  front  of  the  shelves  and  the  only  access  beii^ 
through  a  tight  door  at  one  end,  fastened  by  a  screw. 

Travelers,  who  desire  to  collect  a  larce  number  of  birds  fyc 
comparison,  will  find  this  method  one  of  great  advantage;  and 
the  specimens  will  be  better  for  study  than  skins,  inasmuch  as  the 
proportions  will  be  better  preserved.  Small  mammals  can  be 
kept  some  days  for  skinning  by  a  similar  process,  and  an  opening 
into  the  brain  may  be  made  through  the  roof  of  the  month,  if 
preferred.  A  Fox  Squirrel,  so  treated,  was  in  good  condition  for 
skinning  after  four  day's  preservation,  in  very  warm  weather. 

Iowa  GoMege,  July,  1S70. 

This  with  all  similar  methods  of  preparing  permanent  specimeiu, 
without  skinning,  has  been  found  to  be  of  comparatively  little 
use  in  the  damper  air  of  the  Eastern  States,  especiallv  near  tbe 
coast,  where  all  dried  preparations  are  so  liable  to  mould  and  de- 
cay.— Eds. 

3.  -4  Syno}msofthe  Family  Vnionida ;  by  Isaac  Lea,  LLD., 
Vice-Pres.  Amer.  jPhiL  Soc.,  Jcc.  4th  ed.,  very  greatly  enlarged 
and  improved.  1 84  pp.  4to.  Philadelphia,  1870.  (Henry  C.  Let). 
— Dr.  Lea  has  given  further  completeness  to  his  labors  on  the 
Unionida?  bv  preparing  and  publisnins:  this  fourth  edition  of  hii 
Synopsis,  thiring  the  eighteen  years  that  have  elapsed  since  the 
bsne  of  the  preceding  eaition,  the  numl>er  of  known  sp^ecies  htf 
much  increased,  and  various  corrections  of  former  determinatioos 
have  been  made.  The  subject  of  the  arran^ment  of  the  species 
in  genera  is  iliscussed  in  the  earlier  part  of  Uie  volume,  ana  then 
tables  are  given,  with  very  full  synonymy  and  nnmerons  annota- 
tions. The  table  of  geographical  distribution,  which  next  folloin, 
is  very  much  enlarged.  The  volume  closes  with  an  Index  of  tD 
the  names  of  species  and  a  stattment  of  the  place  of  pnblicatioo 
I  ot  each,  and  finally  a  long  Bibtiography. 
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.  Cammensalism  among  Animala, — Van  Benedbn,  at  the 
)ting  of  the  Royal  Academy  of  Belgium,  on  the  fifth  of  March 
>,  continued  his  observations  on  commensalism,  or  the  living ' 
ether  of  different  species  of  animals.  He  first  cited  the  follow- 
facts  which  he  had  received  from  Mr.  Al.  Agassiz.  A  species 
LepidonotuSy  of  California,  is  always  found  attached  on  an 
leracanthion  {A.  ochrdceus  Brandt)  near  its  mouth,  on  difier- 
parts  of  the  ambulacral  rays,  sometimes  five  of  them  on  a  sin- 
individual.  A  small  fish  of  the  genus  Clupea  is  often  found 
gad  in  the  folds  of  the  fringes  of  a  species  of  Pelagia  {Dacty- 
letra  quinquecirra  Al.  Ag.)  A  species  of  Hirudinea  hves 
bin  the  cavity  of  a  Bero6  {Mnemiopais  Leydii)  of  Buzzard's 
jr,  the  BeroS  never  being  seen  without  four  or  five  of  these 
rms,  and  often  harboring  seven  or  eight.  Between  the  buccal 
iges  of  the  large  Medusa  Cya?iea  arctica  (as  stated  in  the  Sea- 
B  Studies^,  a  species  sometimes  7-^  feet  in  diameter,  there 
»  an  Actinia  (Biccidiiim  of  L.  Ag.) ;  three  to  five  of  these 
dnisB  reside  commonly  on  each  Cyanea.  In  an  Aurelia  of  our 
st8,  a  large  number  of  Crustacea  of  the  family  Hyperina  are 
sn  harbored.  Another  interesting  fact  is  the  commensalism  of 
young  Comatula3  on  the  adult.  The  young  of  the  species  of 
coast  of  South  Carolina  attaches  itself  to  the  basal  cirri,  and 
y  live  like  a  small  colony  of  young  PentacrinL  A  species  of 
kiiaria,  the  P.  angulata  M&ller,  lives  always  in  free  ''  commen- 
**  on  the  under  surface  of  the  American  Limulus,  near  the  base 
the  tail. 

i^an  Beneden  next  speaks  of  the  relation  of  the  siliceous  HyaUh 
fia  to  the  associated  polyps  (a  species  of  Polythoa\  and  makes  it 
%  case  of  commensalism  of  polyps  on  a  sponge.  He  adds  the 
t  that  Mr.  Oscar  Schmidt  has  &und  in  the  Adriatic  a  Polythoa 
ng  on  a  species  of  sponge  of  the  genus  AxineUa^  He  closes 
h  repeating  an  opinion  he  had  before  expressed  (in  the  ZooL 
dtcaUy  published  long  since  by  him  in  connection  with  P.  Oer- 
»)  that  sponges  are  only  polyps  of  extreme  simplicity,  in  which 
active  part  is  reduced  to  a  membranous  tube  without  tentacles 
>nt  the  orifice. — L^InstitiUy  July  20. 

IV.    ASTRONOMY. 

.  IHacovery  of  a  fiew  Asteroid^  the  IWth;  by  Dr.  C.  H.  F. 
rKBS.  From  a  communication  by  the  author  to  one  of  the 
tore,  dated,  Litchfield  Observatory  of  Hamilton  College,  Clin- 
,  N.  Y.,  Aug.  16,  1870. — ^I  take  pleasure  in  forwarding  the  first 
enration  made  upon  an  asteroid,  the  111th  of  the  group,  dis- 
ered  here  night  before  last,  viz : 


h  m  8  h  m  8 


I  Aug.  14.112  38  31  H.  0.  m.  t 
"   16.  9  6  40  "   " 


A.R.=2l  26  20-21 
21  24  32*88 


// 


DecL=-13  10   6-4I100omp. 
-13  12  29-6    6     " 


lie  planet  was  of  about  11^  magnitude. 
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V.   MISCELLANEOUS  SCIENTIFIC  INTELLIOENCE, 

1.  Nineteenth  Meeting  of  the  American  Association  for  thi 
Advancement  of  Science^  /leld  in  Troy^  New  Yorkj  August  17-25, 
1870. — The  meeting  of  the  American  Association  which  has  jost 
closed  at  Troy,  was,  in  point  of  interest  and  value,  one  of  the  bert 
in  its  history.  Owing  to  the  continued  illness  of  President  TVll- 
liara  Chauvenet  of  §t.  Louis,  the  duties  of  President  were  pe^ 
formed  by  the  Vice  President,  Dr.  T.  Sterry  Hunt,  of  Montreal 
And  in  the  absence  of  Professor  C.  F.  Hartt  of  Ithaca,  the  Gene- 
ral Secretary,  now  in  Brazil,  Professor  F.  W.  Putnam  of  Salem 
was  elected  to  that  office  for  the  session.  The  attendance  at  the 
meeting  was  good,  the  names  enrolled  upon  the  Treasurer's  book 
at  the  close  of  the  session  being  about  two  hundred.  The  titles  of 
papers  entered  with  the  Permanent  Secretary  numbered  one  hun- 
dred and  forty-three.  And,  though  there  was  no  one  subject  of 
great  general  interest  under  discussion,  as  at  Chicago  and  Salem, 
yet  the  absolute  value  of  the  papers  read  at  Troy  was  quite  eqnal 
to  that  of  those  presented  at  either  of  the  meetings  mentioned. 

Of  the  papers  read  in  General  session,  that  by  Lieut.  C.  K  Dot 
ton,  U.  S.  A.,  upon  the  Chemistry  of  the  Bessemer  Process,  de- 
serves particular  mention.  It  was  an  admirable  analysis  of  the 
process  itself,  and  also  of  the  successive  stages  which  are  noticed 
m  the  conversion.  An  abstract  of  the  paper,  by  Professor  Baricer, 
is  deferred  to  our  next  number. 

The  address  of  Col.  J.  W.  Foster,  the  retiring  President,  wa« 
delivered  on  Thunsday  evening  in  the  First  Presbyterian  church. 
It  was  upon  "  The  Latest  Investigations  in  Geology  and  Arch«- 
ology,  with  special  reference  to  the  condition  of  Pre-historic  man.*' 

Among  the  various  objects  of  interest  in  and  about  Trov,  none 
attracted  more  attention  than  the  various  Iron- works,  lie  pro- 
prietors of  the  Burden,  the  Albany,  and  the  Rensselaer  Iron-works, 
and  of  the  Bessemer  Steel-works  provided  special  facilities  for 
their  inspection.  ]Vir.  A.  L.  HoUey,  to  whose  mechanical  skill  the 
wonderful  machinery  of  the  latter  establishment  is  due,  was  par 
ticularly  attentive  and  courteous.  The  U.  S.  Arsenal  at  Wate^ 
vliet,  the  Rensselaer  Institute  at  Troy,  and  many  other  places  d 
interest  received  also  their  share  of  attention. 

Two  excursions  were  made  from  Troy ;  one  to  Albany  by  invi- 
tation of  the  Albany  Institute,  the  other  to  Saratoga  by  invita- 
tion of  the  citizens  of  Troy.  The  time  in  Albany  was  divided 
between  the  Dudley  Observatory  and  the  Geological  HaU.  A 
sumptuous  entertainment  at  the  State  Library  closed  the  day's 
festivities.  The  Saratoga  excursion  occupied  an  entire  day,  dinner 
beinij  served  at  Con^^ress  Hall  at  4  p.  m.  The  Association  was  the 
recipient  also  of  various  private  hospitalities. 

The  Association  voted  to  hold  its  next  meeting  in  Itidianapolis, 
Indiana, — in  accordance  with  an  invitation  from  that  city — on  the 
17th  of  August,  1871.  A  committee  was  also  appointed  to  arrange 
for  the  following  meeting  in  San  Francisco  in  1872,  upon  inviUr 
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tion  of  the  California  Academy  of  Natural  Sciences.  The  follow- 
ing oflScers  were  elected  for  the  next  meeting : 

President,  Pro!  Asa  Gbay,  of  Cambridge ;  Vice-President,  Prof 
George  F.  Barker,  of  New  Haven ;  General  Secretary,  Prof  F.  W. 
Putnam  of  Salem ;  Treasurer,  Mr.  Wm.  S.  Vaux,  of  Philadelphia. 

The  following  is  a  list  of  the  papers  presented : 

1.  In  Gbnbbal  Session. 

1.  On  the  Chemistry  of  the  Bessemer  Process ;  Olarsnce  £.  Duttov. 
3.  Mrs.  Willard's  Theory  of  Circulatioa  by  BespiraUon ;  Mra.  A.  L.  Phklps. 
(Bead  by  J.  G.  Morris.) 

3.  Last  Winter's  occupation  of   Mooailauke    Mountain  in  New  Hampshire; 

J.  H.  HUKTINGTOK. 

2.  In  Sbgtion  A. 

McUhemeUicSy  Physics^  and  Chemistry, 

I.  Some  new  applications  of  the  Graphical  Method ;  Edward  C.  PiOREBiifo. 

5.  On  Dispersion  and  the  posability  of  attaining  perfect  Achromatism ;  Edward 

01  PlCKERDTG. 

3.  An  Examination  of  the  Doctrine  of  Atomicities ;  F.  W.  Clarkb. 

4.  The  Isothermals  of  the  Lake  Region ;  A.  Wdtchbll. 

6.  A  Description  of  a  new  apparatus  for  illustrating  the  Precession  of  the 
Bquinoxes;  Ja&  Bushsb. 

6.  The  Magnetic  Wells  of  Michigan ;  A.  Winohell. 

t.  To  whom  is  due  the  credit  of  the  most  important  application  of  Steam  as  a 
ModTe  Power ;  Cunton  RoosEyELT. 

8.  On  Methods  of  illuminating  optical  Meteorology,  particulariy  the  formation 
of  Hak>B  and  Gofonie,  according  to  the  theory  of  Brayieds ;  Joseph  Lotebino. 

9.  Researches  in  Electro-Magnetism ;  Alfred  M.  Matee. 

10.  Abstract  of  a  research  on  a  simple  method  of  measuring  Electrical  Ck)nduc- 
ttrities  by  means  of  two  equal  and  opposed  Magneto-electric  Currents  or  Waves ; 
Altrsd  M  Mater. 

II.  Unpublished  experiments  of  Prof  W.  B.  Rogers  on  the  Influence  exerted 
by  ibe  presence  of  Carbonic  Add  in  gas,  on  its  Illuminating  Power ;  Frederick 
K.  Smcpsoir. 

15.  A  Graphical  Discussion  of  the  various  formulse  proposed  for  the  relation 
between  the  quantity  of  light  produced  by  the  combustion  of  Illuminating  Gas 
tad  Ihe  vdnme  of  gas  consumed ;  Frederick  £.  Stihpsom. 

13.  Aurora  Borefdis;  L.  Bradley. 

14.  Ooemogony;  L.  Bradley. 

16.  The  Northers  of  Texas ;  Solomon  Sla& 

16.  The  Connection  between  Solar  Spots,  Terrestrial  Magnetism,  and  the  .\urora 
fiorealia;  Eliab  Looms. 

It.  A  Theory  of  the  Constitution  of  the  Corona  of  the  Sun ;  Simon  Nswoomb. 

18.  On  the  Assumption  that  Matter  is  Impenetrable ;  H.  F.  Waluko. 

19.  Elasticity,  a  mode  of  Motion :  H.  F.  Walling. 

50.  The  conditions  of  Stable  Equilibrium  in  Atomic  Orbits:  H.  F.  Wallinq. 

51.  ^)ectroioopic  examination  of  the  Bessemer  Flame ;  J.  M.  Silliman. 

52.  Dsscription  of  a  new  Meteorograph,  for  the  automatic  registration  of  Mete- 
orological phenomena ;  G.  W.  Hough. 

53.  Remarks  on  the  total  fluctuation  of  the  Barometric  Column ;  G.  W.  Hough. 

54.  Relations  existing  between  temperature,  pre-^sure,  wind,  and  rain-fall,  as 
iadioated  by  aotomatic  registering  instruments ;  G.  W.  Hough. 

S6.  Oq  the  rate  of  the  Dudley  Observatory  Sidereal  Clock  for  two  years ;  G.  W. 
Hough. 

56.  On  a  new  form  of  mercurial  horizon,  by  which  vibrations  are  extinguished ; 
J.  H.  Lane.    (Presented  by  J.  £.  Hilgard). 

57.  Description  of  Batchelder's  Arctic  Tide-Gauge :  J.  E.  Hilgard. 
S8L  On  proposed  improvements  for  Common  Roads;  S.  D.  Tillman. 
19.  On  a  new  Musical  Notation ;  S.  D.  Tillman. 
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30.  On  improvements  in  Inland  Navigation ;  8.  D.  Tilucak. 

31.  On  improved  facilities  for  transmitting  heat  from  one  fluid  to  another;  S.  D. 
Tillman. 

32.  Gaseous  and  Liquid  Rings ;  E.  N.  Hobsford. 

33   On  the  possibility  of  a  Limit  of  Yisible  Magnitude ;  F.  A.  P.  Babhasd. 

34.  On  the  brightness  appearing  on  the  Umb  of  the  Moon*8  Image,  in  Fholo- 
graphs  of  Solar  Edipses ;  F.  A.  P.  Barnard. 

35.  On  the  testimony  of  ancient  Eclipses  in  regard  to  the  Unifunnity  of  the 
Earth's  Rotation ;  J.  N.  Stockwbll^ 

3G.  The  Discovery  of  the  force  which  originally  imparted  all  their  motions  to  all 
the  stars ;  Jacob  Enni& 

37.  On  the  Survey  of  the  Northern  Heavens  instituted  by  the  Grerman  Aatro> 
nomical  Society ;  T.  BL  Saffobd. 

38.  On  a  Now  Method  of  determining  the  Level-error  of  the  axis  of  a  Transit 
instrument;  0.  A.  Young. 

39.  On  Solar  Prominences  and  Spots  observed  with  the  Spectroscope  during  the 
past  year;  C.  A.  YoUNQ. 

40.  Some  account  of  progress  in  the  investigation  of  the  laws  of  Winds ;  J.  H. 

CJOPPIN. 

41.  Abstract  of  a  paper  on  Temperature  for  twenty-flve  years;  O.  W.  McMUoa 

42.  The  solvent  power  of  anhydrous  liquid  ammonia;  Charles  A.  Smelt. 
(Read  by  Prof.  Walling). 

43.  The  inadequacy  of  the  prevailing  Baconian  system  by  Induction,  and  tfaa 
fallacy  of  the  too  exclusive  use  of  the  a  priori  method ;  F.  L.  Oapbn. 

44.  On  an  improved  form  of  Solar  Eyepiece ;  S.  P.  Langlet. 

45.  'I'he  universal  method  of  approximation ;  Thomas  Hill. 

46.  Note  on  the  involute  of  a  circle,  and  the  aQalyucal  value  of  the  hyperboBc 
base ;  Thomas  Hill. 

47.  Molecular  classification ;  Geo.  F.  Barker. 

48.  On  the  latest  discoveries  in  regard  to  the  manufacture  of  Ice  by  mediuioil 
power ;  P.  H.  Vander  Wetde. 

49.  Further  improvements  in  the  method  of  transmitting,  audibly,  musical  mek>> 
dies  by  the  electric  telegraph  wire ;  P.  H.  Vander  Wetde. 

The  following  papers  were  read  only  by  title : — 

50.  On  Elasticity  as  a  Feature  in  Physics;  S.  J.  Wallace. 

61.  On  the  Advancement  of  the  Sciences;  Clinton  Roosevelt. 

62.  On  the  present  aspects  of  Organic  Physics;  Henrt  HARTSHORifB. 

63.  Suggestions  for  systematizing  chemicid  nomenclature ;  A.  M.  Edwards. 

64.  The  relation  between  the  bands  of  the  Spectroscope  and  the  musical  scale; 
P.  H.  Vander  Wetde. 

66.  The  most  important  result  obtained  from  the  researches  during  acme  yean 
of  travel,  consists  in  the  establishment  of  the  following  theory : 

The  law  of  gravity  is  not  the  motive  power  of  cosmic  bodies;  A.  Habkl. 

66.  Gravity  is  not  the  principal  motive  power  on  terrestrial  bttdiea,  but  actmg 
very  secondary ;  A.  Habbl. 

57.  Past  and  Future  Astronomy;  Josei^  Treat. 

58.  Demon ''tration  of  the  Perturbation  of  Uranus^  wliich  discovered  Neptone; 
Joseph  Treat. 

69.  Universal  Matliematical  Demon^^tration  of  the  impossibility  of  Gravity}  or 
the  Attraction  of  Matter  as  Matter ;  Joseph  Treat. 

60.  Corollaries  of  the  Milky  Way ;  Joseph  Treat. 
'    61.  An  account  of  an  Experiment  upon  the  Physiological  ActicMi  of  Nitrous 
Oxyd ;  F.  W.  Clarke. 

62.  Acid  reaction  of  Tribasic  Phoaphate  of  Lime ;  E.  N.  HoRSroBD. 

8.  In  Section  B. 
Geology  and  Natural  Hiatory. 

1.  On  the  Early  Stages  of  Discina;  K  S.  Morse. 

2.  On  the  Organization  of  the  Brachiopoda,  (Discina  and  Lingula);  E.  S. 
Morse. 
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3.  The  Brachiopoda  as  a  Subdiyision  of  the  Annulata ;  £.  8.  Morsb. 

4.  Observations  on  Seedling  Compass-plants  (Silphium  laciniatum) ;  Thoa  Hill. 

6.  The  Development  of  Limulus  Poljphemu?* ;  A.  S.  Packard,  Jr. 

5.  The  Terrace  Epoch  in  MichigaD  ;  A.  Winchell. 

7.  On  the  Relation  of  Organic  Life  of  the  several  continents  to  the  Physical 
Character  of  those  land  areas ;  N.  S.  Sealer. 

8.  On  the  character  of  the  observations  necessary  to  interpret  the  reoord  of  the 
last  Glacial  Period ;  N.  8.  Sualer. 

9.  On  a  method  of  collecting  certain  Gteological  facts  adopted  by  the  Social 
Science  Association ;  N.  S.  Shalbr. 

10.  Notes  on  the  Condors  and  Humming  birds  of  the  Equatorial  Andes;  Jakes 
Obton. 

11.  On  tlie  evidenoe  of  a  Glacial  Epoch  at  the  Equator;  James  Oeton. 

12.  On  the  Homologies  of  the  Cranial  Bones  of  the  Primary  Types  of  the  Bep- 
tiles ;  Edward  D.  Cope. 

13.  On  the  Reptiles  of  the  Triassio  formations  of  the  United  States;  Edward 
D.  Cope. 

14.  On  the  existence  of  two  classes  of  male  flowers  m  the  common  sweet  chest- 
nut, and  the  influence  of  nutrition  on  the  sex;  Thomas  Meehan. 

15.  On  objections  to  Darwin's  theory  of  Fertilization  through  Insect  agency; 
Thomas  Meehan. 

16.  On  the  law  of  fasciated  branches,  and  its  relation  to  the  law  of  sex  in 
plants;  Thomas  Meehak. 

17.  The  suppr>sed  Elevation  and  Depression  of  the  Continent  during  the  Glacial 
period;  J.  B.  Perry. 

18.  The  Boulder-Trains  of  Berkshire  county,  Mass. ;  J.  B.  Perry. 

19.  The  Development  and  Old  Age  of  the  Tetrabranchiate  Cephalopods ;  Al- 
PHScs  Hyatt. 

20.  The  Genetic  Relations  of  the  Arietes;  Alpheus  Hyatt. 

21.  The  porph3rries  of  Marblehead;  Alpheus  Hyatt. 

22.  Geology  and  Topography  of  the  White  Mountains,  N.  H. ;  C.  H.  Hitchcock. 

23.  Description  of  a  new  Trilobite  from  New  Jersey ;  C.  H.  Hitchcock 

24.  The  Distribution  of  Maritime  Plants  a  proof  of  Oceanic  Submergence  in  the 
ChAmplaiu  Period ;  C.  H.  Hitchcock. 

25.  On  the  young  of  Orthagoriscus;  F.  W.  Putnam. 

26.  On  the  salt  deposits  of  W'estem  Ontario;  T.  Sterry  Hunt. 

27.  On  Iron  Sand  Ores ;  T.  Sterry  Hunt. 

28.  Notes  on  Granitic  Rocks;  T.  Sterry  Hunt. 

29.  On  the  oil-bearing  limestone  of  Chicago;  T.  Sterry  Hunt. 

30.  On  the  Lignites  of  West  America,  their  Distribution  and  Economic  Value ; 
J.  S  Newberry. 

31.  On  the  Sequence  and  Chronology  of  the  Drift  Phenomena  in  the  Mississippi 
Valley;  J.  S.  Newberry. 

32.  On  some  new  relics  and  traces  of  the  Mound  BuUders ;  J.  S.  Newberry. 

33.  On  the  relation  of  the  Onedonta  Sandstone  and  Montrose  Sandstone  of  Van- 
uxem  to  the  Hamilton  and  Chemung  Groups;  James  Hall. 

34.  Notice  of  the  Fossil  Plants  of  the  Hamilton  and  Chemung  Groups,  with 
reference  to  the  source  of  the  sediments  of  these  Formations ;  James  Hall. 

35.  Note  upon  the  Rocks  of  the  Huronian  System  on  the  Peninsula  of  Michi- 
gan; Jambs  Hall. 

36.  Remarks  on  the  occurrence  of  the  genus  DUhyrocaria  in  the  Hamilton  and 
Chemung  Rocks  of  New  York ;  James  Hall. 

37.  On  the  Geology  of  the  Delta,  and  the  Mudlumps  of  the  Passes  of  the  Mis^ 
issippL  L  Geologi^  Structure  of  the  upper  Delta  plain,  n.  The  lower  Delta, 
and  the  Mudlumps  of  the  Passes;  E.  W.  Hiloard.    (Read  by  J.  R.  Walker.) 

38.  Apatite  Deposits  of  Lamark  Co.,  Ontario,  Canada;  Gordon  Broome. 

39.  On  some  new  generic  forms  of  Brachiopoda,  with  remarks  on  some  points 
of  their  structure ;  W.  H.  Dall. 

40.  On  the  order  Doooglossa  of  Troeohel ;  W.  H.  Dall. 

41.  On  the  nature  of  the  foliage  of  Pines,  eta ;  a  criticism ;  A.  Gray. 

42.  On  the  local  Glaciers  of  the  White  Idountains ;  L.  Aqasbiz.  (Read  by  J.  B. 
Peny.) 
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43.  Notes  on  the  relative  age  of  the  Niag)u«  and  so-oalled  Loww  HeldertMig 
series;  A.  H.  Wortsen. 
4A,  Probable  Origin  of  the  South  Carolina  Phosphates;  W,  0.  Kerb. 

45.  On  some  points  in  the  Stratig^phy  and  surfaoe  (zoology  of  North  GaioliBA ; 
W.  C.  Kere. 

46.  A  point  in  Dynamical  Geology ;  W.  0.  Kebr. 

47.  Lava-ducts  in  Washington  Territory ;  B.  W.  Rayhokd. 

48.  The  Salt  Marsh  at  Silver  Peak,  Southern  Nevada;  R.  W.  Raticovd. 

49.  On  Abnormal  Vertebrae  of  the  Elephant ;  Sakbobn  Teknbt. 

50.  On  a  new  locality  of  Eyanite;  Sanborn  Tbnnst. 

51.  On  some  points  in  the  Geology  of  Bastem  Mass.;  Sanbobh  TBir!nnr. 

52.  Brief  Notices  on  Hoosac  Mountain  and  Tunnel ;  James  Htait. 

53.  On  the  Relations  of  the  orders  of  Mammals;  Thbodorb  Gill. 

54.  On  the  subdivisions  of  the  Branch  Mollusca;  Thbodorb  Gill. 

The  following  papers  were  read  by  title  only : — 

65.  Sketch  of  the  researches  made  during  seven  years'  travel  through  the  fife 
states  of  Central  America,  part  of  New  Gran  ida,  the  Republic  of  Ecuador  and 
Peru;  then  on  the  Island  of  Chincha,  and  the  Galapagos  Archipfllago;  M.  A 
Habel. 

56.  On  the  occurrence  of  native  iron,  not  meteoric ;  H.  B.  Naboit. 

57.  On  the  composition  of  the  American  Opium ;  H.  B.  Nasov. 

58.  On  parallel  strias  m  quartz  crystals;  L.  Fbuohtwanobb. 

59.  Geol  igy  of  the  Oottonwoods  Mining  District  of  the  Utah  Territory;  P. A 
Chadboubne. 

60.  The  Geysers  of  Iceland  and  California;  P.  A.  CHADBOUBm. 

61.  Guano,  the  origin  of  the  Apatite  of  Rideau,  Canada;  E.  N.  Hobsfobd. 

62.  Fre^h  Water  Pond  Overlying  a  Salt  Water  Pond  in  Middlesex  oountj,  Kmi.; 
B.  N.  HoRsroRD. 

63.  Evidence  of  glad^  action  in  the  plaoer  and  guldi  gold  of  Gelifoniia;  S.  N. 

HO&SFORD. 

64.  Lakes  and  Lake  Regions ;  S.  J.  Wallace. 

4.  In  SuB-SECnoN  C. 
Microscopy, 

1.  Microscopic  Circuits  of  Generation:  a.  Of  Zymotic  Fungus;  b.  Of  the  (nom- 
inal) Genera  of  Fresh  Water  Alg»,  as  development-phases  of  Bryaccse,  etc ;  &  Of 
Yorticello-Planarians;  T.  C.  Hiloard.    (Read  by  J.  E.  Hilgard.) 

2.  On  a  new  form  of  Binocular  Microscope ;  F.  A.  P.  Babnabix 

3.  On  the  Structure  of  the  scale  of  Podura  plumbea;  F.  A.  P.  Babkabd. 

4.  On  the  Illumination  of  Binocular  Microscopes,  with  proposal  for  a  new  Ihir 
phragm-Mtop;  R.  H.  Ward. 

5.  Remarks  on  Stereoscopic  vision  as  applied  to  the  Microscope ;  R.  H.  Wabd. 
6   Some  remarks  on  Nobert's  lines,  with  particular  reference  to  Dr.  Woodward^s 

photographs;  R.  H.  Ward. 

7.  Some  remarks  on  a  Pocket  Microscope  and  Telescope  combined;  JosuH 
Curtis. 

8.  Some  remarks  on  two  deposits  of  Diatomaceous  earths  recently  thrown  up 
by  the  Sea;  Edwin  Bioknell. 

9.  Remarks  on  a  method  of  producing  very  low  power  with  the  microioopSi 
with  demonstration ;  Edwin  Bickkell. 

6.  In  Sub-Section  E. 
ArchoBology  and  Ethnology, 

1.  Observations  of  the  stone  used  by  the  Indians  within  the  limits  of  Masss- 
chu  -etts  in  the  manufacture  of  their  implements,  witli  some  ramarka  on  the  pro* 
cess  of  manufacture ;  Jambs  J.  H.  GREaoRY. 

2.  The  Substitution  of  Gi^neral  Laws  for  Special  Legislation;  Gbo.  A.  Leakdt. 

3.  On  some  peculiarities  of  the  Grammar  of  the  EsSdmo  Dialects;  W.  H.  IUu*> 
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Sign-Language  as  illustratiye  of  the  Laws  of  Written  and  lYooal  Language ; 
W.  Samson. 

.  Remarks  on  customs  of  the  Waribiara  and  BlaxKX)  Lidians  in  the  vidnitj  of 
riqui  Lagoon,  Central  America;  J.  A.  MoNusL. 

{.  On  "  /We  Scarlet  ;^^  in  a  letter  from  Wm.  H.  Dall  (letter  to 
>£  Silliman  dated  Smithsonian  Inst.,  Washington,  D.  C,  May 
L870.) — In  1863,  being  engaged  in  making  anatomical  drawings 
m  living  microscopic  animals,  I  purchased  among  other  colors, 
'ake  made  by  Windsor  and  Newton  of  England  stamped  with 

name  "  Pure  Scarlet."  It  was  of  the  finest  and  most  vivid 
rlet,  far  superior  in  brilliancy  to  any  of  the  various  shades  of 
million,  <&c.,  which  are  commonly  sold  in  the  shops. 
]  had,  however,  no  occasion  to  use  the  color  until  1805,  when  I 
ored  a  lithographic  plate  (on  ordinary  paper  used  for  such  pur- 
les)  of  Pentstemon  Cerrownais  Kellogg,  putting  in  the  darker 
.des  with  carmine. 

ji  the  summer  of  1865,  at  Sitka,  Alaska  Terr.,  I  made  some 
iwings  of  .iEolis  and  other  nudibranchiate  mollusks,  which  had 
»aks  of  bright  scarlet  upon  various  parts  of  their  bodies  and 
taculsB.  These  were  sent  by  mail  to  the  Smithsonian  Institution 
ere  they  remained  until  my  return  from  the  north  in  1868. 
!n  1 866  being  in  San  Francisco  I  chanced  to  examine  the  plate 
ich  I  had  colored  the  winter  before,  and  noticed  a  fiEiding  of  the 
ors,  but  not  considering  the  matter  particularly,  I  recolored  the 
te  with  the  same  pigment  and  left  it  in  perfect  condition. 
3aving  returned  to  Washington,  daring  the  spring  of  1869,  I 
id  the  cake  of  ''  pure  scarlet "  aeain,  for  coloring  a  map  (upon 
at,  thin,  map-paper)  to  show  the  distribution  of  the  Indian 
jes.  The  color  was  laid  on  thickly  and  unifonnly  over  the  en- 
j  surface  of  two  or  three  of  the  divisions  of  the  map.     As  this 

on  my  table  for  convenient  reference  I  noticed  that  it  began 
fade  rapidly,  and  in  the  course  of  a  few  months  the  paper  was 
;  perfectly  white  and  clean,  not  a  trace  of  the  heavy,  opaque 
ment  remaining.  This  recalled  the  fading  of  the  colored  plate 
my  mind,  and  upon  examination  I  found  that  the  latter  was  in 

same  condition,  not  a  particle  of  scarlet  remaining,  and  the 
y  color  upon  the  plate  being  the  streaks  of  carmine  which  had 
m  put  on  by  way  of  shading  and  which  were  unchanged. 
!  had  believed  the  drawing  of  the  nudibranchs  to  have  been  lost, 
[  could  find  it  nowhere,  but  now  a  more  careful  search  revealed 

fact  that  the  scarlet  having  entirely  faded  away,  I  had  failed 
recognize  it.  It  was  made  on  the  best  rough  drawing  paper  of 
^lish  make. 

\n  examination  of  the  substance  showed  it  to  be  soluble  in 
id  of  ammonium  and  hyposulph.  soda,  and  with  nitrate  of  sil- 

in  solution  it  gave  ioaid  of  silver,  hence  I  suppose  it  to  con- 
.  wholly  or  in  part  of  iodid  of  mercury.  I  enclose  a  fragment 
examination.  The  supposition  that  it  was  acted  upon  by  hypo- 
ph.  soda  in  the  paper  is  doubtful,  in  view  of  the  fact  that  three 
ds  of  paper,  one  of  them  made  expressly  for  water  color  draw- 
8,  gave  tne  same  results. 
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As  the  pigment  is  an  exceedingly  attractive  one,  liable  to  be 
used  by  naturalists  in  valuable  drawings,  it  may  not  be  out  of 
place  to  call  their  attention  to  its  ephemeral  properties.* 

3.  Professor  MarsKs  Roeky  Mountain  Mcpeaition,  Di^ecmty 
of  the  Matfvaises  Terres  formation  in  Colorcido. — Pro£  Marsh  and 
party  left  New  Haven  on  the  dOth  of  June  for  Omaha  and  beyond. 
By  a  letter  from  him  dated  Cheyenne,  August  4th,  we  learn  that 
he  had  already  made  a  successful  expedition  to  the  Loup  Fork, 
and  obtained  lar^e  collections  of  specimens,  but  they  were  me- 
vented  by  the  Indians  from  going  on  to  the  Niobrara  region.  The 
following  is  the  copy  of  a  later  letter  to  J.  D.  Dana,  dated  Pine 
Bluffs,  W  yoming  Territory,  Aug.  12th : 

The  Scientific  Expedition  from  Yale  College,  while  receotly 
examining  the  geology  of  Northern  Colorado,  discovered  an 
extensive  outcrop  of  the  true  Mauvaises  Terres  or  White  River 
formation,  at  a  point  nearly  200  miles  south  of  the  region  where 
it  had  been  previously  identified.  The  locality  first  detected, 
which  contained  all  of  the  characteristic  fossils  of  this  deposit,  was 
on  one  of  the  branches  of  the  Little  Crow  Creek,  about  ^ye  milea 
south  of  the  Wyoming  State  line.  The  strata  there  observed 
couhisted  of  at  least  150  feet  of  light-colored  clays,  overlaid  by 
sandstones  and  conglomerates  about  200  feet  in  thickness.  Hie 
lower  portions  of  the  clays  are  the  true  Titanotherium  beds,  con- 
taining manv  remains  of  Titanotherium  Proutii,  Above  these 
are  similar  clay  deposits  corresponding  closely  in  age  with  those 
on  the  White  Kiver,  and  marked  by  abundant  remains  of  Oreodon 
Culbertsoni,  Testudo  Nebrascensis^  Helix  Leidyana^  and  many 
other  fossils,  which  characterize  that  horizon.  Associated  wito 
these  were  found  several  new  species  of  mammals  and  birds. 

This  interesting  series  of  fresh-water  Tertiary  strata  lies  almost 
horizontal,  dipping  apparently,  but  very  slightly,  toward  the  north- 
east. It  probably  forms  the  southwest  border  of  the  great  Miocene 
lake-basin,  east  of  the  Rocky  Mountains,  which  is  so  remarkable 
for  its  extinct  animal  remains.  Our  party  traced  the  same  forma- 
tion, with  its  more  common  fossils,  about  thirty  miles  northeast 
into  Wyoming,  along  the  hills  known  as  Chalk  Bluffs,  and  still 
farther  north  in  the  Kne  Bluff  range.  We  hope  soon  to  exanuDe 
it  at  other  points. 

4.  Glaciers  of  Scotland, — Prof.  Croll,  in  a  memoir  on  the 
"  Boulder-clay  of  Caithness,"  in  the  Geological  Magazine  for 
June,  1870,  takes  the  ground  that  the  boulder  diift  of  Scotland  is 
due  mainly  to  glaciers,  and  not  to  icebergs,  and  points  out  the 
direction  of  the  movement  of  the  great  glacier,  not  only  over 
Scotland,  but  over  the  seas  north  and  east,  illustrating  the  subject 
by  a  map.  He  finds  an  argument  for  its  glacier  origin  in  the 
fact  that  the  drift  is  unstraiified^  remarking  that  depositions  from 
icebergs  would  necessarily  be  more  or  less  stratified  by  the  waters  in 
which  they  falL     The  argument  is  one  that  cannot  be  set  aside, 

*  The  color  sent  by  Mr.  Dall  is,  as  he  supposes,  merat/ric  iodid^  well  known 
to  c  emists  as  very  volatile,  changiug  at  a  gentle  heat  from  scarlet  to  nearly  white, 
and  the  latter  by  frictioQ  retumiug  again  to  scarlet — s. 
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ind  holds  as  well  for  New  England  and  the  rest  of  North  America 
18  for  Scotland.  Prof.  Dana,  in  his  recent  paper  on  New  Haven 
Geology,  draws  the  same  distinction  between  the  drift  that  was 
iepofiited  by  glaciers  over  the  land,  and  by  glaciers  over  waters. 

Dr.  Robert  Brown  also  presents  the  glacier  theory  for  Scotland 
n  an  article  read  before  the  Geological  Society  of  London  on 
Fune  22,  entitled — On  the  Physics  of  Arctic  Ice  as  explanatory  of 
;he  Glacial  remains  in  Scotland. 

5.  Meteoric  Irons. — ^The  Museum  of  Vienna  has  recently  re- 
eved an  iron  meteorite  from  Atacama  having  a  maximum  diam- 
eter of  a  third  of  a  meter,  and  weighing  51  kilograms.  The  iron 
contains  about  0  per  cent  of  nickel. 

Tschermak  has  studied  the  meteoric  iron  which  fell  at  Lodran, 
lear  Moultan  in  India,  on  the  1st  of  October,  1868,  a  fragment  of 
wMch  was  sent  to  the  Vienna  museum  by  Mr.  Oldham.  Niccoli- 
lerous  iron  constitutes  about  82  per  cent  of  it ;  and  but  for  the 
Ton,  the  meteorite  is  identical  with  terrestrial  chrysolite  rocks. 
[t  contains  crystals  of  bronzite  and  bluish-gray  chrysolite,  and  of 
magnetic  pyrites  and  chromic  ii'on.  The  chrysolite  contains  12 
per  cent  ol  protoxyd  of  iron, — L^ Institute  July  20. 

6.  FaU  of  a  Meteorite  in  Stewart  Co.y  Georgia. — Pro!  J.  Law- 
EtENCS  Smith  states  in  a  letter  to  Trof,  Brush,  dated  Louisville, 
Ky.,  July  18th,  1870,  that  a  meteoric  stone  fell  in  Stewart  county, 
Greorgia,  in  October,  1869.  He  adds  that  a  description  of  its  fall 
wd  phenomena  by  Prof  Willet,  and  an  analysis  of  it  by  himself, 
vnll  De  sent  for  the  next  number  of  this  Journal. 

7.  Prof  Helmholtz  takes  the  chair  of  Physics  at  Berlin  made 
racant  by  the  death  of  Magnus.  He  will  enter  upon  his  new  du- 
ties in  April  next. — Nature^  July  28. 

Prof  J.  Watson  has  been  awarded,  by  the  Paris  Academy  of 
Sciences,  the  Astronomical  Prize,  Lalande  foundation,  for  the  dis- 
covery of  eight  new  asteroids  in  one  year. 

8.  On  the  occurrence  of  a  Peat  bed  beneath  depoeits  of  Drift 
in  SSoythwestem  Ohio, — ^The  author  of  the  article  on  this  subject, 
at  p.  54,  is  Professor  Edward  Obton. 

9.  Woodward  on  the  Magnesium  and  Electric  Lights  for 
Photo-micrography, — ^The  illustrations  of  this  article,  on  pageb 
298  and  301,  of  the  last  volume  of  this  Journal,  should  be  trans- 
posed. 

OBITUABT. 

Jacob  P.  Gibaud,  Jr.,  the  ornithologist,  died  at  Poughkeepsie 
on  Tuesday,  July  19th,  in  the  fifty-ninth  year  of  his  age.  A  par- 
ticulr  friend  of  Audubon,  Bachman  and  Wilson,  and  a  member  of 
the  New  York  Lyceum  of  Natural  History  since  1840,  he  made  his 
favorite  science  of  ornithology  his  special  study.  In  1841  he 
published  "A  Description  of  Sixteen  New  Species  of  Texas  Birds," 
and  in  1844,  a  more  valuable  work  on  "  The  Birds  of  Long  Island." 
His  collection  of  North  American  Birds,  one  of  the  most  complete 
in  the  country  and  containing  many  of  Audubon's  types,  he  pre- 
sented to  Vassar  College.    &  addition  he  bequeathea  to  Vassar 


294  MisceUaneous  Bibliography. 

College  the  sum  of  thirty  thousand  dollars  to  endow  the  proJEett(»^ 
ship  of  Natural  History,  and  two  thousand  dollars  to  complete  \m 
cabinet  of  North  American  Birds. 

Mr.  A.  H.  Halidat,  of  Antrim,  Ireland,  an  entomolo^st  of  dis- 
tinction died  on  the  13th  of  July,  near  Lucca,  Italy.  He  gndua- 
ted  at  Trinity  College,  Dublin,  in  1822,  at  the  age  of  15,  and  fire 
years  afterwards  as  a  gold  medalist — Naturej  July  21. 

VI.    MISCELLANEOUS  BIBLIOGRAPHY. 

1.  The  Andes  and  t/ie  Amazon^  or  across  the  CofUinent  af 
Smith  America;  by  James  Okton,  Pro£  Nat.  Hist,  in  Ytflsir 

Coll.,  Poughkeepsie.  356  pp.  I2mo.  New  York,  1870.  (Harper 
&  Brothers). — Prof.  Orton  made  his  journey  through  South  Am6^ 
ica  in  the  years  1867-68,  under  the  auspices  of  the  hmithaonian  lo- 
stitution,  with  Messrs.  P.  V.  Myers  and  A,  Bushnell  of  Williamfl 
College,  and  others.  His  course  from  Paita,  Peru,  was  by  Guaya- 
quil to  Quito,  and  thence  over  the  mountains  to  Napo;  thence 
along  the  Napo  river  to  the  Amazon  and  Para  at  its  mout^  Tbe 
book  of  travels  which  he  has  given  to  the  public  is  pleasantly 
written,  and  is  full  ot  facts  and  animated  descriptions  relating  to 
the  interesting  region  passed  through — its  general  features  and 
people,  its  climate  and  resources,  its  mountains  and  volcanoes,  its 
landscapes  and  tropical  productions.  It  contains  a  map  of  the  part 
of  South  America  from  the  Pacific  to  the  Atlantic  in  the  latitudea 
of  the  Amazon  and  its  tiibutaries,  which  appears  to  have  been  pre- 
pared with  care,  and  also  several  excellent  woodcuts  of  scenery, 
etc.  The  party  had  not  the  time  or  instruments  for  extended  ph}^ 
ical  investigations.  Some  of  the  observations  of  Pro!  Orton  have 
appeared  in  this  Journal  (vol.  xlvii).  Specimens  were  collected  in 
zoology  and  botany,  and  some  of  fossils,  and  these  have  been  pot 
into  the  hands  of  different  naturalists  for  description.  Among 
the  geological  facts  we  observe  the  discovery  of  tertiary  fossils  at 
Pebas,  on  the  Amazon,  in  long.  72°  W.,  at  a  height  of  345  feet 
above  the  sea ;  the  fossils  have  been  described  by  Mr.  Gabb  in 
the  American  Journal  of  Conchology. 

2.  The  Chemical  History  of  the  Six  Days  of  Creation;  bv 
John  Phin,  C.E.  96  pp.  12mo.  New  York,  1870. — ^lliis  work  is 
not,  what  its  title  seems  to  imply,  a  discussion  by  a  chemist  of  the 
chemical  history  of  the  earth's  genesis.  It  treats  briefly  of  the 
bearing  of  some  of  the  general  principles  of  science,  cnemical, 
physical,  geological  and  astronomical,  on  the  interpretation  of  the 
first  chapter  of  Genesis.  The  aim  of  the  work  is  good.  The 
views  with  regard  to  the  "  works  "  of  the  successive  oays  accord 
in  the  main  with  those  that  have  been  presented  by  Prof  Guyot, 
and  may  be  read  with  profit.     There  are  also  ideas  peculiar  to  the 


evening 
"  fifth  day  "  resulted  from  the  separation  of  Venus  from  the  sun; 
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and  the  "  moniin^  "  from  "  the  restoration  of  the  brilliancy  of  the 
san ;  '^  the  '^  evening  "  of  the  sixth  day  ''  from  the  separation  of 
Mercury  from  the  sun,"  etc.  The  author  by  bringing  more  exact 
science  to  bear  on  the  subject  and  a  wider  philosophy  will  be  en- 
abled to  prune  his  work  of  some  manifest  defects. 

8.  The  American  Chemut :  a  Monthly  J<mmal  of  Theoretical^ 
Analytical  and  Technical  Chemistry.  Edited  by  Chas.  F.  Chand- 
ler, Fh.K,  and  W.  H.  Chandler.  New  York,  1870.  (William 
Baldwin  <fc  Co.,  434  Broome  St.) — The  American  reprint  of  the 
Chemical  News  having  been  given  up,  the  subscription-list  and 
stock  of  that  reprint  have  been  purchased  by  Mr.  Baldwin,  who 
fltarte  the  American  Chemist  to  talce  its  place,  putting  the  editorial 
charge  into  the  hands  of  Prof.  Chandler  and  his  brother.  Wliile 
we  regret  that  a  journal  of  the  recognized  ability  of  the  Chemical 
News  cannot  be  continued  in  this  country,  we  believe  that  the 
well-known  scientific  reputation  of  the  editors  of  the  American 
Chemist  is  a  guarantee  that  their  new  enterprise  will  not  be  second 
to  it  in  value.  The  first  two  numbers  have  been  received ;  L  e., 
those  for  Jnly  and  August  They  contain  32  articles,  of  which  17 
are  taken  from  the  Chemical  News,  and  eieht  are  original  For 
the  present,  the  admirable  ^'Chemical  Notices  from  Foreign 
Sources  ^  printed  in  the  Chemical  News,  will  be  retained.  It  is 
announcea  that  after  the  close  of  the  current  year,  the  American 
Chemist  will  be  conducted  as  an  entirely  independent  joumaL 
The  subscription  price  is  $5.00. 

4.  On  t/ie  Gvlj  Stream^  and  the  Thermometric  knowledge  of  the 
Atlantic  Ocean  and  a^oining  lands  in  t/ie  year  1870 ;  by  Dr.  A. 
PxTBRMANN.  64  pp.  4to,  with  three  large  colored  temperature 
cdiarts.  Gk>tha,  June,  1869.  (Justus  Perthes.  From  Petermann's 
Geogr.  Mittheilungen,  1870,  Heft  6-7.) — Dr.  Petermann  has  here 

g>en  an  admirable  exposition  of  the  former  and  present  state  of 
lowledge  of  the  temperature  of  the  Atlantic  and  the  Arctic  seas 
and  the  lands  adjoining,  including  the  later  results  of  the  most 
recent  expeditions.  Deep  sea  temperatures,  as  well  as  the  saltness 
of  the  ocean,  and  much  detail  with  regard  to  special  localities, 
come  within  the  wide  range  of  subjects  under  review.  The  first 
two  charts  contain  the  isotherms  for  every  2°  Reaumur  for  the 
region  between  the  meridians  of  76°  W.  and  60°  E.,  north  of  the 
parallel  of  35° ;  the  first,  the  isotherm  for  July  and  the  second  for 
J  anuary ;  and  the  third  includes  5  charts  of  the  arctic  regions, 
giving  the  isotherms  severally  for  January,  July,  the  winter,  the 
Bommer,  and  the  isotherms  of  absolute  minima  for  every  10°  R. 
Kght  pages  are  devoted  to  the  instructions  given  to  the  second 
Oerman  North-polar  Expedition,  1869-1870. 

5.  Moaeting  of  Gold  and  Silver  OreSy  and  extraction  of  their 
retpeetiffe  metals  without  Quicksilver;  by  G.  Kubtrl.  145  pp. 
12ma  Ban  Francisco,  1870.  (Dewey  <fe  Co.) — ^This  little  treatise 
oootainB  an  introductory  chapter  on  the  classification  of  sUver 
.0f68y  which  is  followed  by  a  chapter  on  roasting^  divided  into 
aectioDS,  treating,  respectively,  of  the  chloridizing  and  the  oxyd- 
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izing  roasting  of  silver  ores.  The  author  then  proceeds  to  give 
the  different  methods  for  the  extraction  of  silver  by  lixiviation 
and  subsequent  precipitation ;  and,  finally,  a  brief  chapter  on  the 
extraction  of  gold  by  the  chlorination  process.  The  book  containt 
a  large  amount  of  valuable  facts  expressed  in  a  very  compact 
manner,  besides  embracing  much  original  matter,  the  results  of  the 
experience  of  the  author  and  his  fnends  in  the  Pacific  States  and 
in  Mexico.  It  forms  an  excellent  supplement  to  Mr.  EustePB 
previous  work  on  the  "  Nevada  and  California  processes  of  Silver 
and  Gold  extraction." 

Bulletin  of  the  National  Afisrtciation  of  Wool  Manufactureri*,  founded  Nor.  ?Jfk 
1864.  No.  1  of  this  Quarterly  BuUetin  appeared  on  January  of  18G9,  and  the  fint 
number  of  vol.  ii  in  Jan.  1870.    The  numbers  contain  about  100  pagea 

Report  on  the  Goals  and  Iron  Ores  of  Pictou  County,  Nova  Sootia;  by  Edward 
Hartley,  F.G.S.,  Mining  Eufrineerto  the  (Geological  Survey;  bein$r  an  Appendix  to 
Reports  on  the  Pictou  Goal-Field.  From  the  Report  of  the  Geologioal  Surrey  of 
the  Dominion  of  Canada,  for  1867-69.     78  pp.  8vo.     Montreal,  1870. 

Index  to  the  Literature  of  Uranium,  by  H.  Carrington  Bolton.  AnxL  Ly&,  Xew 
York,  Feb.  1870.,  pp.  362-377. 

Uebersicht  der  im  Eonigreiche  Sachsen  zur  Chausseeunterhaltung  yenrendeta 
Steinarten ;  zusammengestellt  von  Dr.  H.  B.  Geikitz,  E.  Professor,  and  G.  Th. 
SOBQE.  K.  Oberbaurath.     116  pp.  4to.    Dresden,  1870.  k 

Paris  Universal  Ekposition. — ^The  following  additions  have  been  made  to  the  fift 
of  Publications  of  Reports  connected  with  the  Paris  Universal  ExpoeitioD,  given 
on  page  258  of  the  last  volume  of  this  Journal: 

Extracts  from  the  Report  of  the  International  Committee  on  Weights,  Meamroi 
and  Coins,  with  a  notice  of  the  use  of  the  Metric  System  in  the  United  Stateis  and 
its  relations  to  other  systems  of  Weights  and  Measures. 

Report  on  Clothing  and  Woven  Fabrics,  being  Glasses  Twenty-seven  to  Thittf- 
nine  of  Group  Four ;  by  Paran  Stevens,  U.  S.  Commissioner.     86  pp.  Svo. 

Report  on  Education ;  by  J.  W.  Hoyt,  U.  S.  Commissioner.     398  pp.  8va 

Bibliography  of  the  Paris  Universal  Exposition  of  1867;  by  Wm.  P.  Bhka. 
40  pp.  8vo. 

Introduction,  with  selections  from  the  Correspondence  of  Gommissioner-OeMnl 
Beckwith  and  others,  showing  the  organization  and  administration  of  the  United 
States  Section. 

PEOCEEDreOS  or  THE  AOAD.   NaT.   SCL    PHHADELPniA,   No.    1,    1870. — PSR*  1, 

Supposed  Sivatheriura  from  Colorado;  J.  Leidy. — p.  3,  4,  5,  Reptile  remains  from- 
Colorado ;  tiie  Alabama  Cretaceous;  Fort  Bridger  Tertiary  U  turtle  named  Baptemyi 
Wyomingensis) ;  J.  Leidy. — p.  5  and  11,  Fossil  Birds  of  tne  U.  8.  Cretaoeoos  tod 
Tertiary ;  0.  C.  Marsh. — ^p  6,  Analysis  of  the  nickel  ore  of  the  Gap  mine,  Lancse- 
ter  Co.,  Pa. ;  Wharton. — p.  8,  Mylodon  from  Central  America;  J.  Leidy, — p.  9,  Ko(e 
on  the  Triassic  Dromatherium  sylvcstre  of  Emmons ;  id. — p.  9,  Note  on  ElasmoMo- 
rus;  id. — p.  11,  Dicotyles  antiquus,  from  N.  J.  Miocene;  0.  C.  Monk. — p.  11 
Ichthyodorulites ;  J.  Leidy. — p.  13,  Megalonyx  Jeffersoni  and  Bison  antiqaiis  in 
niinots;  id. — p.  13,  Growth  of  wood  in  Yuoca:  J.  Meehan. — ^p.  14  Cross  fertifintioii 
and  the  law  of  sex  in  Euphorbia ;  id. — p.  16  Relations  of  Syuocladia  of  King  to  Sep* 
topora  of  Prout;  Meek  and  WbrVun, — p.  18,  On  Discosaurus  and  its  allies;  J^.  LeOjf. 
— p.  22,  New  fossils  fVom  Illinois;  Meek  and  Warthen. — p.  56,  New  fossils  oa- 
lected  by  the  U.  S.  Coast  Survey  under  Clarence  King;  F.  B.  Meek. 

Pbocekdisos  op  the  California  Ao*d.  Scl,  Vol.  IV,  Part  ii,  1870. — Page  4«> 
Discovery  of  a  nearly  entire  skeleton  of  a  Mastodon  near  Petaluna. — p.  50,  SieOi 
of  Antioch,  Gal. ;  H.  P.  CarUan.—p.  57,  Shells  of  lYuckee  River  and  Tictni^;  •* 
— p.  61,  Fauna  of  California  and  its  geographical  distribution ;  J,  O.  Ckteper.^ 
p.  82,  83,  Indian  mounds. — p.  86,  Shell  mounds;  L.  Raneom. — ^p.  88,  Section oi 
rocks  in  Hamilton,  Nevada ;  J.  0.  Claytou. — p.  89.  Rise  of  water  in  Mono  Lika 
— ]>.  90,  Explorations  in  the  Rocky  Mountains:  J.  D.  WhUney. — p.  92,  the  Wsi(> 
coast  Fresh-water  Univalves,  Na  I;  J.  0.  Gtoper, 
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BT.  XXVin. — On  the  Examination  of  the  Bessemer  Flame  vrith 
Colored  Glasses  and  with  the  Spectroscope;  by  J.  M.  SiLLlMAN, 
M.E.,  Adj.  Pro£  of  Metallurgy,  Lafayette  Ciollege,  Easton,  Pa. 

ead  at  the  Troy  Meeting  of  the  Am.  Association  for  the  Adyanoement  of  Science.] 

L   Examination  with  Colored  Qlaases, 

In  the  Bessemer  process,  the  progress  of  the  decarbonization 
determined  chieny  by  the  appearance  of  the  smoke,  flame 
id  sparks  which  are  emitted  from  the  apparatus.  Owinc  to 
e  rapidity  with  which  the  reactions  take  place,  it  is  highly 
iportant  to  catch  the  exact  moment  when  the  blast  shoida  be 
xned  oflE  This  is  indicated  by  the  color  and  brightness  of 
.e  stream  of  gas  issuing  from  the  converter,  and  by  this  the 
oment  of  total  decarbonization  can  generally  be  accurately 
jtennined  by  the  naked  eye.  When,  however,  pig-iron  of 
trtain  qualities  is  used  (manganiferous  iron,  for  example)  this 
^termination  is  very  difficult ;  even  those  who  have  had  much 
:perience  make  frequent  mistakes  and  find  it  impossible  to 
-oduce  the  same  quality  of  steel  at  every  blow. 
In  order  to  intensify  these  flame-indications,  use  has  been 
ade  of  the  spectroscope,  and  also  of  various  combinations  of 
iLoied  glasses.  The  former  was  first  attempted  by  Dr.  Boscoe, 
id  the  latter  by  Mr.  Rowan  at  the  Atlas  W  ork& 
Mr.  Rowan  experimented  with  a  great  variety  of  colored 
asses  and  obtained  the  best  results  by  using  three  glasses,  two 
*  ultramarine  blue  and  one  of  dark  yellow.  This  httle  instru- 
ent,  or  chromopyrometer,  as  he  terms  it,  is  now  in  daily  use  at 
le  Atlas  Works,  its  indications  being  so  marked  and  unmis- 
Icable  as  to  render  its  use  safe  in  the  most  inexperienced  hands. 
Ax.  JouB.  Sol— SscoifD  Sbribs,  Vol.  L,  Na  150.— Nov.,  1870, 
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The  following  experiments  were  made  at  the  Bessemer  Steel 
Works  of  John  A.  Griswold  &  Co.,  in  Troy,  while  pursuing  the 
chemical  course  in  the  Winslow  Laboratory  of  the  Hens^laer 
Polytechnic  Institute.  In  my  observations  on  the  flame  I  made 
use  of  the  spectroscope,  and  also  of  a  combination  of  colored 
glasses.  This  combination  consisted  of  two  light-yellow  glasses 
and  a  blue  one,  through  which  the  sunlight  appeared  of  a  deq) 
purplish-blue  tint ;  and  as  it  differed  slightly  from  Bowan^s,  it 
gave  somewhat  different  resulta 

In  order  to  reproduce  the  appearance  of  the  flame  at  the  dif- 
ferent stages  of  the  process,  i  prepared  a  plate  consisting  of 
about  a  hundred  varieties  of  colors  and  tints,  all  of  which  were 
numbered  and  thus  referred  to  a  table  which  indicated  their 
composition.  They  were  also  arranged  to  be  seen  with  either  a 
light  or  dark  background.  The  use  of  this  plate  was  of  neces- 
sity limited  to  daylight,  but  the  illustration  and  description  are 
given  as  occurring  at  night  in  order  to  show  its  illuminating 
power. 

At  the  beginning  of  the  process  that  which  issues  from  the 
converter  does  not  appear  to  be  a  true  flame,  but  only  an  illu- 
mined stream  of  gas  carrying  with  it  innumerable  red-hot  peUets 
of  iron.  This  gas  has  scarcely  any  illuminating  power,  extends 
but  a  sliort  distance  from  the  mouth  of  the  converter,  and  is 
sometimes  sheathed  with  a  whitish  smoka  Seen  through  the 
glasses  the  flame  and  sparks  have  a  deep  crimson  color,  the  con- 
verter is  invisible,  and  at  the  base  of  the  flame  is  a  crimson 
band  which  continues  throughout  the  process. 

As  the  reaction  continues,  this  stream  of  gas  grows  brighter 
and  more  elongated,  and  after  a  few  minutes  a  small  pointed 
whitish  flame  appears,  which  suddenly  increases  in  size.  At 
this  instant  the  blast-pressure  fells  from  twenty  to  eighteen 
pounds. 

When  viewed  through  the  glasses  the  upper  part  of  the  con- 
verter comes  dimly  into  view,  and  the  flame  ana  pellets  of  iron 
appear  of  a  lighter  color,  while  the  fragments  of  slag  which 
begin  to  be  thrown  out  are  of  a  deep  red.  This  difference  in 
shade  between  the  iron  and  slag  thrown  out  is  probably  entirely 
owing  to  the  lower  temperature  of  the  latter,  for  the  reason  that 
while  the  iron  is  discharged  from  the  metallic  bath  the  slag  is 
washed  up  on  the  sides  of  the  converter,  and  can  be  seen  cUnging 
around  its  mouth  in  a  spongy  mass  until  detached  and  thrown 
out  by  the  blast  The  greater  porosity  of  the  slag  and  its  con- 
sequent more  rapid  cooling  would  also  cause  a  difference  of 
temperature. 

In  the  second  j)eriod  the  discharge  of  slag  increases,  and  the 
flame  is  very  bright  and  illuminating,  with  occasional  dark 
streaka     Through  the  glasses  at  the  beginning  of  this  period 
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the  flame  is  of  an  ashy  blue  color  with  streaks  and  flashes  of 
crimson  ;  the  edges  being  sometimes  of  a  purplish  hua  At  this 
point  surrounding  objects  are  illuminated,  and  the  converter 
becomes  distinctly  visible.  A  wreath  of  crimson  is  seen  sur- 
rounding the  flame  where  it  strikes  the  chimney.  By  the  middle 
of  this  period  the  crimson  almost  entirely  disappears  fix)m  the 
body  oi  the  flame,  leaving  only  a  slight  cone  at  its  base,  and  a 
border  of  greenish  hue  makes  its  appearance,  and  gradually 
crows  more  decided.  Streaks  of  a  dark  blue  color  are  also  seen 
m  the  body  of  the  flame. 

The  beginning  of  the  third  period  is  scarcely  indicated  to  the 
naked  eye,  though  the  flame  becomes  somewhat  weakened, 
and  after  a  few  mmutes  shows  dark  streaks  running  through  it 
Through  the  glasses  at  the  commencement  of  this  period  the  rose- 
oolored  cone  begins  to  expand  and  deepen,  the  greenish  sheath 
is  more  decided,  while  streaks  of  dark  and  green  are  visible. 
After  a  few  minutes  the  change  becomes  very  rapid,  a  few 
seconds  only  being  required  to  reduce  the  flame  from  rose-color 
to  the  deep  crimson  non-illuminating  gas,  as  at  first,  and  again 
the  converter  is  lost  to  view,  by  which  time  the  blast  should 
have  been  turned  ofE 

The  gradual  fading  of  the  crimson  from  the  beginning  of  the 
blow  and  its  deepening  at  the  termination  of  the  process,  as  well 
as  the  crimson  band  at  the  base  of  the  flame  and  the  wreath  of 
crimson  surrounding  the  flame  at  the  chimney,  tend  to  confinn 
Mr.  Rowan *s  views,  which  are,  that  the  different  shades  of  crim- 
son are  due  to  changes  of  temperature.  The  stream  of  gas 
which  comes  from  the  mouth  of  the  converter  at  the  begin- 
ning of  the  process  being  illumined  from  within,  derives  its 
color  from  the  metallic  bath,  the  temperature  of  which,  owing 
to  the  combustion  of  silicon,  increases  more  rapidly  during  tliis 
period  than  at  any  other. 

The  crimson  band  at  the  base  of  the  flame  and  the  wreath  of 
crimson  at  the  chimney  might  also  be  accounted  for  by  this 
theory.  The  flame  rushing  from  the  mouth  of  the  converter 
has  a  tendency  to  create  a  vacuum  at  its  base  around  the  con- 
verter's edge,  and  thus  to  cause  a  wreath  of  flame  to  pass  over 
this  surface  and  by  consequent  cooling  produce  the  crimson 
band.  The  wreath  of  crimson  at  the  chimney  may  be  also  due 
to  the  cooling  of  the  flame  consequent  upon  deflection. 

It  is  true  we  have  a  seeming  contradiction  to  this  theory  in  the 
rose-colored  cone  extending  from  the  base  at  the  center,  which 
we  would  naturally  consider  the  hottest  part  of  the  flame ;  but,  as 
in  the  flame  of  the  Bunsen  burner,  the  hottest  part  is  in  its  outer 
sheath,  the  conditions  of  combustion  in  both  being  similar,  it 
is  probable  that  that  part  of  the  flame  occupied  by  the  cone  is 
at  a  lower  temperature  than  that  surrounding  it 
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The  green  streaks  in  the  flame  are  most  intense  when  the 
manganese  spectrum  is  brightest ;  and  as  the  color  of  the  flame 
when  the  spieffeleisen  is  added  is  also  green,  we  are  led  to 
suppose  them  due  to  the  presence  of  manganesa 

On  two  occasions  simultaneous  observations  were  made  with 
the  spectroscope  and  the  colored  glasses ;  but  with  the  exception 
of  that  just  mentioned,  and  the  changes  at  the  commencemait 
and  termination  of  the  blow,  no  striking  coincidence  was  noticed. 

11.  Examination  toUh  the  Spectroscope, 

The  science  of  spectrum  analysis  is  yet  in  its  infSEmcy,  and 
there  has  been  no  scientific  investigation,  perhaps,  which  has 
been  more  contradictory  in  its  results  than  tnat  of  the  Bessemer 
flama  The  first  application  of  the  spectroscope  to  the  analysis 
of  the  Bessemer  flame  was  made  in  1862  by  Dr.  Roscoe  at  the 
works  of  Messrs.  John  Brown  &  Co.,  in  Sheffield.  Soon  after 
this  it  was  in  constant  use  in  Brown's  works  for  controlling  the 
process.  It  was  next  introduced  at  Crewe,  and  from  there  said 
to  have  been  taken  to  Seraing,  in  Belgium,  in  1865. 

Roscoe's  account  of  the  general  appearance  of  the  spectrum 
has  not  altogether  been  verified  by  subsequent  observers.  His 
not  having  seen  any  line  beyond  80°  indicates  an  imperfection 
in  his  instrument  He,  also,  is  the  only  one  who  claims  to  have 
seen  the  sodium  line  as  an  absorption  band,  or  who  professes  to 
have  detected  the  lines  of  nitrogen  and  hydrogen  m  the  Bes- 
semer spectrum.  His  spectroscope  was  so  arranged  that  the 
spectrum  of  the  Bessemer  flame  was  seen  in  the  upper  half  of 
tne  field  of  view,  while  the  spectrum  with  which  it  was  to  be 
compared  was  seen  immediately  below.  The  spectrum  of  the  , 
flame  was  thus  compared  with  tne  following  spectra : — 

1.  Spectrum  of  electric  discharge  in  carbonic  ox  yd  vacuom. 
'2.  "         "    strong  spark  between  silver  poles  in  air. 

3.  "         "        "  "  "       iron         **     "     " 

4.  "        "        "         "  **         "  «     "  hydrogen. 

5.  Solar  spectrum. 

6.  Carbon   spectrum — oxyhydrogen   blowpipe   supplied  with 

olefiant  gas  and  oxygen. 

The  coincidences  observed  were  very  few,  and  totally  foiled 
to  explain  the  value  of  the  Bessemer  spectrum.  The  lines  of 
the  well-known  carbon  spectrum  did  not  occur  at  all,  either  as 
bright  lines  or  absorption  bands,  nor  was  any  coincidence  ob- 
served between  the  lines  of  the  Bessemer  spectrum  and  those 
of  the  carbonic  oxyd  vacuum  tube.  The  Imes  of  lithium,  so 
dium  and  potassium  were  strongly  marked  and  identified  with 
certainty.  He  found  that  three  nne,  bright  lines  between  E 
and  h,  shown  on  the  plate  at  66^°,  67°,  67^°,  coincided  with 
those  of  iron ;  and  in  place  of  the  red  hydrogen  line  C,  he  dis- 
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rered  a  black  band  which  he  considered  an  absorption-band, 
1  states  that  it  is  better  defined  in  wet  than  in  drj  weather. 
Ln  Austria,  Pro£  Lielegg  followed  up  this  subject  with  great 
•severance,  and  gave  more  extended  accounts  of  the  varying 
tracter  of  the  Bessemer  spectrum  during  the  different  stages 
the  process.  His  expenments  were  made  at  Gratz,  where 
)  spectroscope  was  afterward  used  with  great  success  in  con- 
lling  the  Bessemer  process ;  but  at  Konigshiitte,  where  dark 
ly  manganiferous  iron  was  used,  it  was  found  that  the  indica- 
ns  which  in  other  works  so  plainly  determined  the  moment 

decarbonization  were  unreliabla  In  this  case,  the  lines 
ose  disappearance  is  to  indicate  the  exact  point  of  time  for 
ling  the  process,  disappear  too  soon.  During  the  period  in 
ich  the  spectrum  is  brightest,  among  the  glowing  vapors  and 
jes  that  stream  fix)m  the  converter,  carbonic  oxyd  next  to 
rogen  is  most  abundant,  and  it  is  for  this  reason  tnat  the  first 
•-estigator,  Boscoe,  expressed  himself  as  confident  that  the  nu- 
(Tous  lines  of  the  spectrum  were  caused  by  this  gas,  although 
could  obtain  no  coincidence. 

Brunner*  states  that  "  no  part  of  the  Bessemer  spectrum  is 
3r  visible  in  the  flame  when  the  converter  is  heated  for  the 
tt  time  after  being  re-lined,  but  that  when  the  lining  is  not 
Wj  Lielegg's  group  of  green  lines  (COy)  appears  in  the  spec- 
.m,  which  then  contains  also  the  lines  of  potassium,  sodium, 
i  lithium."  From  which  he  concludes  that  this  spectrum  is 
t  to  be  identified  with  carbonic  oxvd,  but  must  be  produced 
other  constituents  of  pig-iron.  Others  state  that  the  Bessemer 
»trum  is  sometimes  visible  while  the  converter  is  being 
ited  afl^r  a  blow.  I  made  an  observation  of  the  flame  fix>m 
5  converter  while  it  was  being  heated  the  first  time  after  being 
lined,  and  obtained  with  great  distinctness  the  potassium, 
lium,  and  sodium  lines,  but  have  not  under  any  circum- 
nces  detected  any  other  lines  while  the  converter  was  being 
leated. 

Lichtenfels,  by  a  series  of  simultaneous  comparisons  of  the 
mganese  with  the  Bessemer  spectrum  found  the  lines  in  the 
16  and  green  fields  to  completely  harmonize  in  the  two 
jctra.  Tne  violet  manganese  line  which  had  been  seen  by 
ne  he  could  not  detect  in  either  of  the  spectra.  I  have 
ver  observed  it,  but  Dr.  Wedding,  who  has  summed  up  the 
servations  of  others,  states  that  he  has  repeatedly  seen  it 

position  is  at  135^°. 
The  instrument  used  in  my  investigations  was  constructed 

Alvan  Clark  of  Cambridge,  and  consists  of  an  eauiangular 
it-glass  prism,  in  a  metallic  box,  into  the  sides  oi  which  at 
J  requisite  angles  are  screwed  an  inverting  telescope  with  a 

*  Van  Nostrand^B  Eclectic  Eng.  Mag.,  voL  i,  page  508. 
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magnifying  power  of  six,  and  a  tube  containing  the  adjustable 
slit  and  lens  for  rendering  the  rays  parallel ;  also  a  tube  with 
a  scale,  which  is  placed  at  such  an  angle  that  it  is  reflected 
from  the  surface  of  the  prism  through  the  telescope  to  the  eye; 
it  can  be  so  adjusted  as  to  appear  along  the  upper  edge  of  the 
spectrum.  I  was  provided  with  Bunsen's  plates  of  spectra  on 
a  large  scale,  and  in  order  to  adapt  them  to  the  scale  in  my 
instrument,  I  took  the  spectrum  of  the  sun  and  obtained 
Fraunhofer  s  lines  with  great  distinctness.  Two  characteristic 
lines  in  the  solar  spectrum  wer^  then  noted,  one  of  which 
appeared  at  37°  and  the  other  at  117®,  and  a  space  measured 
equal  to  their  distance  apart  as  given  on  Hansen's  scale. 
This  was  divided  into  eighty  equal  parts,  and  the  division 
extended  in  both  directions.  By  the  application  of  this  scale 
to  Bunsen's,  I  found  that  the  remainder  of  Frannhofer's  lines 
in  my  instrument  exactly  coincided  with  their  position  on  his 
plates.  The  correctness  of  the  new  scale  was  also  proved  by 
other  coincidences.  By  moving  the  -prism,  Fraunhofer's  lines 
will  vary  slightly  in  their  relative  distances  apart,  but  in  no 
possible  position  in  which  I  could  place  the  prism  could  I 
obtain  the  sun-spectrum  as  given  by  Wedding  in  connection 
with  4ihe  Bessemer  spectrum ;  if  the  spectrum  given  by  him 
was  obtained  by  the  use  of  bisulphid  of  carbon  in  his  prism, 
that  substance  causes  a  greater  variation  than  I  had  supposed 

I  have  recorded  the  results  of  twenty-five  observations  on 
the  Bessemer  flame,  most  of  which  were  takert  at  a  distance  of 
about  thirty  feet  from  the  flame,  though  I  have  stationed  my- 
self at  intermediate  points  between  that  and  the  flame ;  at  one 
time  sitting  so  close  as  to  be  almost  scorched.  Nearly  all 
my  observations  were  made  at  night  and  the  lines  obtained 
much  better  defined  than  when  seen  in  diffused  sunlight 

The  record  of  my  observations  was  kept  as  follows : — ^Five 
columns  were  ruled,  headed — 

I      Degree.      |       Color.       |  Brightness.  |        Time.       |    Remarks.    | 

Note  was  made  of  the  dark  bands  as  well  as  the  bright  ones, 
both  of  which  were  classed  according  to  their  distinctness,  as 
very  bright,  bright,  faint,  and  very  faint.  In  the  time-column 
was  noted  the  number  of  minutes  after  the  commencement  of 
the  blow  at  which  the  lines  appear. 

At  the  first  two  or  three  observations  I  attempted  to  make  a 
thorough  note  of  the  changes  as  they  occurred  throughout  the 
whole  spectrum,  but  afterward  abandoned  it  as  utterly  impos- 
sible, as  at  the  beginning  of  the  second  period,  the  lines  come 
in  so  fast  and  the  changes  are  so  rapid  that  they  can  not  be 
accurately  noted  at  the  exact  moment  of  their  occurrence.  I 
therefore  confined  myself  to  a  few  degrees  at  each  observatioD, 
and  by  this  method  was  enabled  to  note  accurately,  and  at  the 
exact  moment  of  their  occurrence  slight  changes  which  other- 
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rise  might  have  escaped  notice.  Note  was  also  taken  of  the 
hanges  in  the  general  appearance  of  the  whole  spectrum  dur- 
ag  the  successive  stages  of  the  process.  After  naving  made 
iiuf  a  dozen  observations,  while  viewing  the  spectrum  of  the 
lame  from  the  converter  while  it  was  bemg  heated  for  another 
barge,  it  was  discovered  that  a  movement  of  the  eye  before  the 
ye-glass  occasioned  a  similar  movement  of  the  lines  of  the  spec- 
rum  along  the  scale,  on  which  their  position  could  thus  be 
oade  to  differ  more  than  half  a  degree.  I  have  seen  no  notice 
>f  this  in  the  statements  of  others,  and  it  may  account  for  some 
►f  the  apparent  discrepancies.  Thereafter,  when  taking  the 
eadings  of  any  of  the  lines,  the  position  of  the  eye  was  so 
idjusted  as  to  bring  the  sodium  line  exactly  at  50°.  Owing  to 
he  extreme  brilliancy  of  the  flame  the  aperture  may  be 
oade  exceedingly  narrow,  and  thus  the  many  lines  oi  the 
pectrum  which  with  a  duller  light  and  broader  gauge  would 
)e  blended  together,  may  be  separated. 

At  the  beginning  of  the  blow,  the  spectrum  is  continuous 
md  very  feint,  and  generally  extends  from  35°  to  120°,  covering 
kbout  three- fourths  of  the  length  attained  in  the  second  period. 
This  increases  slightly  in  extent  and  brightness  until  the 
appearance  of  the  sodium  lina  This  line  appears  at  the  end 
«  the  first  period  at  the  beginning  of  a  more  decided  flame. 
!t  comes  flasning  through  from  one  extremity  to  the  other  for 
kn  instant,  and  then  disappears  only  to  return  the  next  instant 
n  brighter  flashes  which  are  continued  for  about  a  minute, 
)y  which  time  the  line  becomes  permanently  established.  On 
>ne  occasion  the  sodium  line,  instead  of  flashing  and  disappear- 
ng  as  usual,  continued  visible  after  a  few  seconds,  and  ex- 
)anded  and  contracted  in  width  almost  isochronously  until  it 
)eeame  permanently  established.  The  appearance  of  this  line 
ndicates  the  termination  of  the  first  period.  This  period  I 
lave  found  to  vary  in  extent  from  three  to  seventeen  minutes 
n  blows  lasting  from  thirteetf  to  twenty-seven  minutes.  None 
)f  the  other  lines  make  their  appearance  in  vivid  flashes  as 
loes  the  sodium.  The  lithium  line  becomes  visible  three  or 
bur  minutes  aft«r  the  first  flash  of  the  sodium.  It  is  very 
aint  at  first  but  soon  becomes  quite  distinct  and  lasts  through 
he  blow.  The  vivid  flashing  of  the  sodium  line  may  be 
accounted  for  by  the  exceedingly  small  amount  of  soaium 
•equired  to  proauce  its  spectrum — ^an  amount  not  exceed- 
ng  TTinrioiFffT  of  a  grain.  The  slightest  momentary  combus- 
ion  taking  place  in  the  stream  of  gas  from  the  converter,  would 
it  that  instant  render  glowing  a  sufficient  amount  of  the  vapor- 
zed  sodium  to  produce  its  spectrum,  and  thus  occasion  the 
lashes  so  characteristic  in  the  first  appearance  of  that  line, 
[iithium  exists  in  a  much  smaller  quantity  and  requires  ^  y  ^  i  5  t« 
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of  a  grain,  or  thirty  tim^  that  ffiven  for  sodium.  By  the  time 
the  lithium  line  is  established  the  red  potassium  line  at  281® 
and  occasionally  the  violet  line  at  135®  appear,  and  the  blue  aid 
green  fields  become  divided  into  bands  which  are  so  rapidly 
resolved  into  bright  and  dark  lines,  that  it  is  difficult  to  note 
the  exact  time  of  the  appearance  of  each.  The  spectrum  in- 
creases to  a  dazzling  brightness,  and  extends  itself  in  both  di^e^ 
tions  until  it  reaches  from  23^°  to  140°. 

During  the  third  period  the  spectrum  becomes  more  brilliant, 
and  the  lines  more  distinct.  Several  new  lines  make  thdr 
appearance  in  different  parts  of  the  spectrum,  of  which  the  ones 
at  51^°,  57°,  and  67°  are  well  defined,  while  others  are  faint 
and  not  always  visible ;  some  of  them  appearing  only  toward 
the  close  of  the  last  period.  In  viewing  the  lines  in  the  most 
refracted  part  of  the  spectrum,  it  has  been  repeatedly  observed 
both  by  myself  and  others,  that  these  lines  were  more  strongly 
marked  when  entering  the  eye  at  an  angle  than  when  viewed 
directly.  That  this  was  not  imagination  is  proved  by  repeated 
identification  of  lines  at  the  same  point  on  the  scala 

At  the  termination  of  the  blow  the  lines  are  rapidly  swept 
away,  sometimes  in  the  inverse  order  of  their  appearance,  but 
more  generally  they  disappear  within  the  space  of  two  or  three 
seconds,  leaving  a  continuous  spectrum  as  at  first,  though  some- 
what brighter.  Sometimes  the  sodium  and  lithium  lines  are 
swept  away  with  the  others,  and  at  other  times  they  remain 
visible.  In  either  case  the  change  is  very  decided,  and  does 
not  generally  occupy  more  than  three  seconda  In  the  course 
of  my  observations,  thirty-three  lines  have  been  detected,  as 
given  in  the  table  below. 

Some  of  the  lines  given  by  Lielegg  I  have  failed  to  find,  but 
have  detected  others  not  given  by  him. 

1st  Period,  28^,  36,  50,  135. 

2d  Period,  23|,  35,  48,  44,  44^,  46^,  46,  47^,  48i,  50,  52,  58,  56, 

56|,  6  4,  62,  62^,  63,  65,  66^,  67^,  70,  72,  120,  135. 
3d  Period,  23^,  35,  43,  44,  44^,  45^,  46,  47i,  48^,  50,  6 4,  52,  58, 

50,  56^,  57,  61i,  62,  t]2^,  63,  65,  66^,  67,  67^,  70,  72, 

100,  102,  103,  105,  108,  135. 

Among  the  dark  bands  detected,  the  most  intense  occurred 
at  44-46,  51-55,  56-^8,  62-64^ ;  others  were  found  at  88-34i, 
36i,  37i,  38i,  40,  68-72. 

Many  of  the  dark  bands  were  crossed  by  bright  lines. 

I  have  repeatedly  observed  the  dark  band  considered  by 
Boscoe  to  be  a  hydrogen  absorption  line,  but  have  not  noticed 
that  its  intensity  varied  with  the  dampness  of  the  weather. 
Whether  it  is  an  absorption  band  or  not  can  be  determined  by 
a  series  of  observations  continued  through  wet  and  dry  weather. 
If  this  proves  to  be  a  hydrogen  line,  the  Bessemer  spectrum  will 
be  found  more  complicated  than  is  generally  supposed.     It  has 
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been  thought  by  some  that  the  dark  bands  in  the  spectrum  are 
absorption  lines  due  to  the  cooling  of  the  outer  sheath  of  flame, 
but  it  is  more  probable,  that  although  the  pellets  of  iron  and 
slag  tend  to  produce  a  faint  continuous  spectrum ;  yet  in  con- 
trast with  the  very  brilliant  lines  it  appears  discontinuous,  the 
dark  bands  being  merely  intervals  between  the  bright  ones. 
The  iron  spectrum  has  not  been  satisfactorily  identified.  It  has 
been  suggested  that  the  brightness  and  size  of  the  lines  of 
the  Bessemer  spectrum  do  not  allow  the  iron  lines  to  ap- 
pear. In  comparing  the  Bessemer  spectrum  with  Bunsens 
spectra  of  nickel,  cobalt  and  calcium,  no  coincidences  were 
ODserved  except  two  or  three  in  the  latter  spectruuL  The 
brightest  calcium  line,  however,  was  not  visible  m  the  Bessemer 
spectrum.  The  Bessemer  spectrum  contains  yet  many  mysteries 
to  be  solved,  among  which  is  the  cause  of  the  non-appearance 
of  the  lines  of  the  spectrum  at  the  beginning  and  termination 
of  the  blow. 

This  was  readily  solved  when  the  numerous  lines  of  the 
spectrum  were  attnbuted  to  carbon,  but  in  proving  them  to  be 
caused  principally  by  manganese,  their  disappearance  is  not  so 
readily  accounted  for. 

One  theory  to  account  for  it  is  that  the  luminous  power  of 
the  flame  is  too  small  at  the  beginning  and  end  of  the  process 
to  produce  a  spectrum.  In  regard  to  this  it  may  readily 
be  shown  that  the  brilliancy  of  the  spectra  of  incandescent 
metallic  vapors  does  not  depend  upon  the  illuminating  pow- 
er of  a  flame  but  upon  the  heat  of  the  flame  into  wnich 
they  are  introduced.  For  instance,  the  spectra  are  more  distinct 
in  the  non-luminous  flame  of  a  Bunsen  lamp  than  in  the  ordi- 
nary luminous  gas-flama  If  we  take  the  theory  as  referring  to 
the  feebleness  of  light  given  ofl*  by  those  substances  in  the  flame 
which  produce  the  spectrum,  it  will  resolve  itself  into  the  one  of 
change  of  temperature,  notwithstanding  the  fact  that  the  illumi- 
nating power  of  flames  of  the  same  temperature  varies  with  the 
composition  of  the  gas,  because  there  is  evidently  enough  sodi- 
um m  the  flame  to  give  its  characteristic  line ;  hence,  whatever 
might  be  the  illuminating  power  of  the  flame,  if  the  heat  is 
sufficiently  intense  the  sodium  line  will  show  itself 

Dr.  Weading  adopts  the  theory  that  the  absence  of  the  spec- 
trum at  the  beginning  and  termination  of  the  blow  is  because 
the  absolute  quantity  of  the  bodies  volatilized  producing  the 

rtrum  is  at  these  times  too  small.  His  reasons  for  holding 
view  are  as  follows: — "  A  trace  of  sodium  will  give  its  char- 
acteristic line,  but,  according  to  Simmler,  a  much  larger  quantity 
of  manganese  is  needed  to  obtain  a  recognizable  reaction  than 
that  which  can  be  detected  by  the  well  known  blow-pipe  reaction 
with  carbonate  of  soda.  Consequently,  spectrum  analysis  does 
not  depend  alone  upon  the  presence  of  a  body  but  also  upon  the 
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presence  of  a  certain  (quantity.  And  although  manganese  is  al- 
ways left  in  the  iron,  it  may  not  be  left  in  sufficient  quantity  at 
the  termination  of  the  blow  to  produce  the  spectrum,  and  for 
this  reason  the  lines  disappear." 

To  this  theory  there  are  same  some  strong  objectionsL  \sL  If 
we  take  manganese  in  sufficient  quantity  and  hold  it  in  a  flame 
the  spectrum  will  increase  in  brightness  until  a  uniform  tempera- 
ture IS  attained ;  but  when  the  amount  of  manganese  vaporized 
begins  to  diminish,  its  spectrum  will  gradually  decrease  in 
brightness  until  it  disappears.  Now,  if  the  disapp^urance  of 
the  manganese  lines  in  the  Bessemer  spectnmi  is  owing  to  the 
diminution  of  the  quantity  of  manganese,  we  should  infer  that 
these  lines  would  gradually  grow  more  indistinct  and  then  &de 
away  ;  but  on  the  contrary,  the  manganese  spectrum  increases 
in  brilliancy  from  its  first  appearance,  and  is  more  intense  jast 
before  being  swept  away  than  at  any  other  time.  The  analysis 
of  the  smoke,  which  appears  when  the  flame  ceases,  proves  that 
a  considerable  quantity  is  still  volatilized,  and  it  is  notable  that 
in  manganiferous  iron  this  quantity  increases  towards  the  dose 
of  the  blow.  2nd  It  would  be  more  difficult  to  account  by  this 
theory  for  the  non-appearance  of  the  sodiimi  line  at  the  Den- 
ning of  the  blow,  as  sodium  then  in  all  probability  exists 
in  the  issuing  gas  in  sufficient  quantity  to  prcJiuce  its  spectrum 
at  a  high  temperature,  as  it  is  only  by  special  precaution  that 
we  can  keep  it  out  from  any  flame.  Srd.  A  stul  greater  diffi- 
culty woula  arise  in  applying  this  theorv  to  the  spectra  of  sodium 
and  lithium  at  the  close  of  the  blow.  As  has  before  been  stated, 
these  lines  sometimes  disappear  at  the  moment  of  complete 
decarbonization,  and  sometimes  remain.  In  the  former  case,  to 
say  that  our  friend  sodium  had  given  out  would  be  doing  great 
injustice  to  that  element,  as  it  has  never  given  us  reason  for 
bringing  so  grave  a  charge  against  it  Dr.  Wedding  in  attempt- 
ing to  demonstrate  that  the  non-appearance  of  the  manganese 
lines  is  owing  to  the  lack  of  sufficient  quantity  volatilized  to 
produce  its  spectrum,  makes  the  following  statements : — 

From  analyses  made  by  Brunner  we  find  that  the  manganese 
contained  in  the  iron  falls  from  3*460  per  cept  in  the  raw  mate- 
rial, to  1*645,  0*429,  and  finally  to  0*113  per  cent  in  the  decar- 
bonized product ;  and  that  the  protoxyd  of  manganese  in  the 
slag  first  increases  from  37*00  per  cent  to  87*90  per  cent,  and 
then  sinks  to  32*23  per  cent,  and  furthermore,  that  a  certain 
quantity  of  manganese  is  to  be  found  in  the  smoke.  How  much 
manganese  is  really  lost  by  volatilization  cannot  be  determined, 
since  data  are  wanting  as  to  the  absolute  quantity  of  slag  and 
iron,  consequently  we  cannot  determine  how  much  manganese 
has  been  lost  by  means  of  the  eruptions. 

But  since  the  manganese  contiiined  in  the  pig-iron  decreases 
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onstantly,  and  that  contaiiied  in  the  slag  after  the  termination 
f  the  boiling  penod  also  decreases,  a  considerable  volatilization 
f  this  body  is  probable  just  at  the  time  when  the  spectrum  is 
)est  developed.  Comparing  with  this  the  experiments  that  can 
)e  made  in  the  laboratory  we  arrive  at  the  hypothesis,  that  the 
^xydized  manganese  which  has  entered  into  the  slag  is  not  vol- 
ktilized  but  is  retained  by  the  sla^ ;  it  can,  therefore,  get  into 
lie  flame  only  in  the  shape  of  solid  or  fluid  combinations. 

In  the  above  statements  the  results  of  the  analysis  prove  that 
lome  of  the  manganese  in  the  slag  is  volatilizea.  We  cannot 
jonsider  the  manganese  spectrum  during  the  entire  process  as  due 
w^holly  to  the  volatilization  of  the  manganese  directly  from  the 
jon,  for  while  the  amount  eliminated  from  the  iron  grows  con- 
inually  less,  the  manganese  spectrum  grows  brighter.  Owing 
Jo  the  intimat^  mixture  by  the  blast  of  the  iron  and  slag,  the 
manganese  oxyd  containea  in  the  latter,  is  brought  in  contact 
with,  the  melted  iron  and  vaporized.  This  mixing  of  the  slag 
md  iron  would  cease  at  the  termination  of  the  process,  and  this 
would  account  for  the  sudden  diminution  of  smoke. 

If  there  was  a  sufficient  carbonic  oxyd  flame  to  render  the 
escaping  gases  glowing  it  is  evident  they  woxdd  not  issue  from 
the  converter  as  dark  smoke,  but  as  incandescent  vapor  having 
its  characteristic  spectrum.  The  lack  of  sufficient  name  may, 
therefore,  account  for  the  disappearance  of  the  manganese  spec- 
trum. The  Bessemer  flame  presents  other  problems,  and  opens 
an  intensely  interesting  field  for  scientific  investigation  ;  and  by 
thetise  of  more  delicate  instruments  than  have  yet  been  em- 
ployed for  this  purpose,  discoveries  may  be  made  which  will 
throw  new  light  upon  the  subject  of  spectrum  analysis. 


A.BT.  XXIX. — On  a  simple  method  of  measuring  Electrical  Con- 
ductivities by  means  of  two  equal  and  opposed  magneto-electric 
currents  or  waves  ;  by  Alfred  M.  Mayer,  Ph.D. 

[Bead  before  the  Tn>y  meeting  of  the  American  Associadon  for  the  Advancenient 

of  Science.] 

1.   General  description  of  the  Method. 

A  MAGNET  is  firmly  supported  in  a  horizontal  position  with  a 
portion  of  its  length  projecting  beyond  a  fixed  stop  (see  fig.  2) ; 
over  this  free  end  of  the  magnet,  and  resting  against  the  stop, 
ire  placed  two  similar  flat  spirals,  formed  of  the  same  quality 
of  copper  wire,  and  having  the  turns  of  one  spiral  in  a  direction 
the  reverse  of  those  of  the  other.  The  spirals  are  clamped 
together  and  their  four  terminal  wires  are  carried  vertically 
lownward  into  four  separate  cavities  containing  mercury  ;  these 
mercury-cups  are  so  connected  with  a  reflectmg-galvanometer 
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that,  when  the  spirals  are  together  slid  oflF  the  magnet,  the  two 
equal  electric  currents,  thus  generated,  simultaneously  tend  to 
traverse  the  galvanometer  in  opposite  directions,  and  therefore 
its  needle  remains  stationary.  If  we  now  introduce  into  the 
circuit  of  one  of  the  spirals  a  resistance  equal  to  that  introduced 
into  the  circuit  of  the  other,  the  needle  will  still  remain  at  rest 
when  the  spirals  are  slipped  oflF  the  magnet ;  but,  if  the  resisir 
nuce  placea  in  one  circuit  is  greater  or  less  than  that  placed  in 
the  other,  there  will  be  a  deflection  of  the  galvanometer  needles 
when  the  spirals  are  removed.  Thus,  by  introducing  wires  of 
different  metals  into  the  circuits  we  can  readily  determine  thdr 
relative  conductivities,  by  making  them  of  such  length  that 
their  resistances  are  equal ;  which  condition  is  attained  when, 
on  sliding  off  the  spirals,  the  needle  remains  absolutely  at  rest 
If,  in  the  latter  case,  the  wires  have  equal  diameters  then  their 
conductivities  are  directly  and  their  resistances  arc  inversely  as 
their  lenffths. 

A  modification  of  the  above  method  is  discussed  in  the  con- 
clusion of  this  paper ;  in  which  the  magnet  is  replaced  by  the 
terrestrial  magnetic  force  and  the  spirals  and  the  wires  by  two 
similar  coils,  from  two  to  three  feet  in  diameter,  formed  of  the 
two  wires  whose  conductivities  are  to  be  compared.  These 
coils  contain  equal  lengths  of  the  same  sized  wires  and  the  same 
number  of  turns  ;  the  direction  of  the  turns  being  opposed  in 
the  two  coils.  The  coils  having  been  bound  together  are  placed 
in  a  plane  at  right  angles  to  the  line  of  "the  dip,"  and  the  lour 
terminal  wires  are  so  connected  with  the  reflecting-galvanometer 
that  the  two  induced  currents  tend  to  traverse  it  in  opposite 
directions.  The  coils  are  now  quickly  rotated  through  180®, 
around  an  axis  at  right  angles  to  the  line  of  the  dip,  and  if  the 
wires  present  equal  resistances  the  needle  remains  at  rest ;  if  it 
is  denected,  the  direction  and  the  amount  of  the  deflection 
shows  which  coil  has  the  lesser  resistance  and  affords  a  means 
of  estimating  the  same. 

After  this  general  description  of  the  method  I  will  present, 
in  order,  a  description  of  the  apparatus  used,  and  of  the  actions 
which  take  place  in  it;  the  degree  of  precision  of  the  method; 
examples  of^  the  determinations  of  electrical-conductivities,  and 
experiments  on  the  modification  of  the  method. 

2.  Description  of  the  ApparcUus, 

The  magnet  was  formed  of  a  combination  of  three  steel  bars, 
separated  from  each  other  by  slips  of  wood  '2  in.  thick.  The 
middle  bar  was  10*4  in.  long  and  its  ends  projected  ^25  in.  be- 
yond the  two  side  magnets.  Each  bar  was  "27  in.  thick  and  "9 
in.  wide.  About  three  months  before  this  investigation  was 
undertaken  they  had  been  magnetized  to  saturation  by  the 
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bllowing  process.  The  axis  of  a  helix,  8*7  ina  long  and  con- 
»iinin^  658  feet  of  j\  in.  copper  wire,  was  placed  in  the  line  of 
*  the  dip "  and  a  current  so  sent  through  it  from  ten  Bunsen 
sells  that  its  N.  pole  was  toward  the  earth.  The  separate  bars 
were  then  drawn  through  the  helix  until  they  ceased  to  acquire 
m  increase  of  magnetism.  This  method  gives  a  uniform  and 
powerful  magnetization,  and  probably  may  be  improved  by 
musing  the  bars  to  vibrate  as  they  pass  through  the  helix ; 
which  can  be  accomplished  by  means  of  a  tuning  fork  fiir- 
oished  with  a  long  brass  stem.  After  the  magnets  were  com- 
bined, as  described  above,  a  weight  of  1*5  lb.  was  sustained  at 
the  end  of  the  middle  bar. 

The  magnet  was  supported  in  an  E.  and  W.  line,  15*5  in. 
above  the  surface  of  the  mercury  in  the  cavities  of  the  wooden 
"  connecting-block"  placed  below  it ;  and  2*5  in.  of  its  S.  end 
projected  beyond  the  wooden  clamp  which  held  it 

The  Spirals  were  formed  of  ^V  ^^^^  "  double-covered  "  Lake 
Superior  wire.  Each  spiral  contained  176-06  in.  of  wire  coiled 
in  20  turns,  and  the  terminals  were  15*6  in.  long,  thus  making 
207*06  in.  of  wire  in  each  spiraL     The  greatest  diameter  of  the 

Sirals  was  3*9  in.  and  each  had  a  central  opening  of  1*7  in. 
icir  thickness  after  they  were  covered  with  paraffined  paper 
and  varnished  was  "06  in.  The  covering  of  the  two  terminal 
wires  of  each  spiral  was  saturated  with  melted  paraffin ;  they 
were  then  firmly  tied  together  with  silken  cord  to  about  4  in. 
of  their  ends  wnere  they  separated  and  formed  forked  termina- 
tions 

The  spirals  were  formed  in  this  manner.  An  iron  plate  A, 
which  screws  on  to  the  mandrel  of  a  lathe,  has  cemented  on  to 
its  face  a  disc  of  hard  wood  6,  1*7  l 

in.  in  diameter  and  '1  in.  thick. 
From  the  center  of  the  plate  A 
projects  a  screw  e  which  enters 
the  wooden  disc  B  at  ef.  When 
the  nlate  B  is  screwed  "  home  ** 
the  disc  b  fits  into  the  cavity  6' 
Gtnd  the  plates  A  and  B  are  sepa- 
rated to  a  distance  a  little  greater 
than  the  diameter  of  the  covered 
wire,  while  the  disc  b  forms  a  cylinder  between  them  on  which 
bo  wrap  the  spiraL 

The  end  of  the  wire  to  be  coiled  is  passed  through  a  hole  d 
in  the  plate  B,  which  is  then  screwed  home  on  to  A.  The  lathe  is 
then  turned  so  that  the  wire  is  coiled  over  the  center  disc  from 
A  to  6.  After  the  space  between  the  disc  is  filled  with  coils, 
the  free  end  of  the  wire  is  secured  and  the  plate  B  unscrewed, 
while  the  wire  slides  through  d  and  the  coil  is  not  unwrap- 
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ped ;  which  would  have  taken  place  if  it  had  been  coiled 
m  the  direction  from  6  to  A.  The  spiral  is  now  saturated  with 
very  fluid  paraflBn  and  has  cemented  on  to  it,  with  a  hot  chisd, 
a  paper  disc  previously  saturated  with  paraffin.  The  spiral  ^ 
now  removed,  the  covered  side  placed  against  the  disc  and  its 
other  surfece  treated  in  the  same  manner.  The  spiral  is  then 
taken  off  the  chuck,  and  on  holding  it  up  to  tne  light  die 
copper  wire  is  distinctly  seen  through  the  translucent  coverii^ 
of  tne  wire  and  the  paraffined  paper  cover  of  the  spiral  The  in- 
sulation thus  obtained  is  very  perfect  and  the  coils  are  finnly 
cemented  together.  The  termmals  are  now  led  radially  fixan 
the  spirals,  and  are  tightly  bound  together  as  described  abo?e 
To  still  further  strengthen  the  spirals,  both  they  and  their  ter- 
minals are  covered  with  a  firm  laver  of  shellac  varnish. 

I  have  thus  minutely  described  the  process  of  making  these 
spirals  for  they  are  of  inestimable  value  in  many  electrical 
researches ;  having  been  used  in  my  recent  investigations  in 
electro-magnetism,  and  will  be  again  used  and  referred  to  in  a 
subsequent  communication. 

The  galvanometer  I  specially  constructed  for  this  research, 
but  experience  has  shown  that  a  coil  of  shorter  and  thicker 
wire,  (say,  j\  in.  wire  in  6  turns)  oflfering  less  resistance,  woold 
have  been  better  than  the  one  employed.     The  wire  of  the 

f galvanometer  was  ^V  i^«  thick,  and  was  wrapped  aroimd  the 
ower  needle  in  two  layers  of  22  turns  each ;  the  opening  of 
the  coil  being  '15  in.  in  width.  The  needles  are  1*65  in.  long 
and  '03  in.  diam.  The  upper  needle  is  '6  in.  above  the  lower 
with  a  thick  copper  plate  mtervening ;  it  was  not  much  affected 
by  the  current  m  the  coil,  and  was  under  the  influence  of  a  fee- 
ble magnet,  13  in.  long  and  '18  in.  diam.,  which  was  placed  with 
its  similar  poles  over  the  upper  needle  and  8'2  in.  above  it 
Under  these  conditions  the  simple  oscillations  of  the  system 
were  exactly  4J  per  minute,  and  by  lowering  or  raising  the 
magnet  I  could  render  it  more  or  less  astatic  The  needles  were 
hung  by  a  frame  of  fine  copper  wire  to  a  plane  mirror  1*2  in. 
square,  formed  of  thin  glass  silvered  by  Foucault's  process,  and 
the  whole  was  suspended  by  a  few  fibers  of  unspun  silk.  The 
instrument  was  enclosed  in  a  cover,  the  front  of  which  was 
made  of  a  carefully  selected  piece  of  plate  glass. 

The  S.  end  of  the  magnet  used  in  inducing  the  electric 
currents  in  the  spirals  was  14  in.  to  the  lefl  of  the  magnetic 
meridian  line  drawn  through  the  point  of  suspension  of  the 

falvanometer  needles  and  6  ft.  11  in.  distant  from  the  same, 
n  this  position  the  magnet  caused  a  deflection  of  52' '5  in  the 
needles  of  the  galvanometer  and  they  were  brought  back  into 
the  meridian  by  means  of  the  damping-magnet 

The  deflections  of  the  needles  were  read  oflf  by  the  beautifal 
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method  invented  by  the  illustrious  Gauss,  using  a  telescope  and 
scale  placed  as  described  below. 

The  telescope  was  of  •?  in.  aperture  and  12  in.  focus ;  just 
under  its  object  glass  was  placed,  at  right  angles  to  its  axis, 
a  rod  of  wood  1  in.  square  and  1  meter  long,  covered  with 
drawing  paper.  This  rod  was  divided  off  into  centimeters  by 
lines  1°"  thick  ;  thus,  the  division  lines  were  j'y  of  the  distance 
between  two  similar  sides  of  the  centimeter  divisions.  A  thick 
spider  thread  was  selected  which  just  covered  a  division  line, 
and  therefore  was  also,  apparentljr,  1*°™  thick.  By  this  simple 
device, — ^using  one  and  the  same  side  of  the  spider  line  as  pomt 
of  reference, — we  can  accurately  estimate  deflections  of  the 
needles  corresponding  to  ^^  of  a  division  of  the  scala 

The  scale  was  2*285  meters  distant  from  the  center  of  the  mir- 
ror, and  therefore  a  motion  of  1  division  of  the  scale  over  the 
spider  thread  corresponded  to  an  angular  deflection  of  7'  30", 
and  as  we  have  seen  that  yV  ^^  *  division  can  be  accurately 
read,  it  follows  that  we  can  determine  a  deflection  of  45".  In 
this  paper  I  vdll  give  the  deflections  in 
divisions  of  the  scale,  which  can  be  con- 
verted into  minutes  of  arc  by  multiply- 
ing them  by  7*5. 

Connecting-block  is  the  name  I  give  to 
the  block  of  wood,  placed  under  the  pro- 
jecting end  of  the  magnet ;  it  has  four 
cavities  containing  mercury,  by  means 
of  which  we  make  the  various  electrical 
connections  required  in  the  experiments. 
Fig.  2  gives  a  view  of  this  block  and 
shows  flie  manner  of  making  the  con- 
nections when  the  object  is  the  measure- 
ment of  relative  electrical  resistances. 
Four  holes,  1  in.  in  diam.  and  1  in.  deep, 
separated  by  walls  "1  in.  thick  are  bored 
out  of  a  block  of  wood,  and  then  coated 
with  thick  shellac  varnish.  A,  A'  are 
the  terminal  wires  of  one  spiral,  B,  B' 
those  of  the  other.  The  wires  to  be 
compared  are  at  E  and  F.  If  E  repre- 
sent the  standard  wire  of  a  fixed  length, 
then  the  wire  F  has  to  allow  of  its  length 
being  altered  so  that  its  resistance  may 
be  made  equal  to  that  of  E.  This  is  ar- 
ranged by  sliding  one  end  of  this  wire 
through  a  heavy  copper  clamp  (not  shown  in  the  fig.)  which  is 
fixed  in  the  mercurjr-cup  B,  while  the  other  end,  previously 
well  amalgamated,  dips  into  cup  A^ 
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The  two  spirals  I  are  firmly  claiaped  together,  so  that  when 
slid  quickly  off  the  magnet  S,  thej  ooth  have  the  same  direc- 
tion of  motion.  By  referring  to  fig.  2,  the  directions  in  which 
flow  the  currents,  thus  produced,  can  be  readily  followed. 
Taking  spiral  A  A',  the  current  flows  down  the  tenmnal  A+ 
througn  the  wire  E  into  B',  thence  by  the  wire  D  through  die 
galvanometer  and  back  by  the  wire  C  to  A'— ,  the  other  leg  of 
uie  spiral,  thus  completing  the  circuit  In  the  case  of  the  spi- 
ral B  B',  the  current  flows  down  the  terminal  B+  through  the 
wire  F,  thence  by  the  wire  C  through  the  galvanometer;  re- 
turning by  D  to  B',  thus  forming  the  circuit 

It  is  evident  that  if  the  spirals  by  themselves  generate  eqiul 
currents,  and  the  resistances  E  and  F  are  equal,  no  deflection  of 
the  needles  will  ensue,  for  equal  and  contrary  currents  will  tend 
simultaneously  to  traverse  the  galvanometer. 

The  manner  in  which  contacts  are  made  in  these  experiments 
is  of  great  importance.  The  double  silk  covering  of  the  wireB 
is  unwrapped  to  "2  in.  fi-om  their  ends ;  the  unwrapped  silk  ifl 
then  firmly  wound  over  the  end  of  the  silk  covering  and  satu- 
rated with  thick  shellac  varnish.  The  uncovered  end  of  the 
wire  is  now  scraped,  rubbed  with  nitrate  of  mercury,  and  well 
amalgamated,  up  to  the  silk  covering.  The  iron  wires  were 
amalgamated  by  dipping  their  uncovered  ends  into  sodium- 
amalgam.  Thus,  even  if  the  end  of  the  wire  should  dip  deep- 
er than  '2  in.  into  the  mercury,  the  point  of  contact  will  yet  re- 
main at  that  distance  from  the  end,  as  the  shellac  prevents  con- 
tact above  the  amalgamated  portion  of  the  wira  The  termi- 
nals of  the  spirals  and  of  the  galvanometer  coil  were  formed  in 
the  same  manner.  One  end  of  the  wire  whose  resistance  was 
to  be  compared  to  the  standard  copper  wire,  was  uncovered  and 
well  cleaned  for  some  portion  of  its  length,  so  that  it  could  be 
drawn  through  the  heavy  copper  clamp  until  its  length  equal- 
led in  resistance  the  standard  wire.  The  wires  were  then  re- 
moved and  their  lengths  accurately  measured. 

3.  Investigation  into  the  actions  which  take  place  in  the  apparatus. 

In  the  general  introductory  description  given  of  the  method,  I 
have,  for  simplicity  of  illustration,  assumed  that  when  the  two 
spirals, — similar  as  to  form,  length  of  wire  and  resistance, — are 
slid  off  the  magnet,  no  current  would  be  sent  through  the  gal- 
vanometer. But  this  cannot  be,  for  the  hinder  spiral  is  furwar 
on  the  magnet  than  the  other  by  06  in.  and  therefore  cuts  more 
"lines  of  magnetic  force,"  and  also,  the  two  spirals  traverse 
simultaneously  portions  of  the  field  differing  in  magnetic  in- 
tensity. 

The  following  experiments  will  exhibit  the  above  action.  I 
will  call  the  back  and  fi-ont  spirals  respectively  A  and  B. 
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^rhey  were  reversed  on  each  other,  clamped  together  and  had 
their  terminals  dipping  in  A  and  A'  so  that  the  two  induced 
CMirrents  would  tend  to  traverse  the  galvanometer  coil  in  oppo- 
site directions. 

The  mean  of  three  experiments  shows  that  when  the  spirals 
axe  slid  oflF  there  is  a  deflection  of  243  div.  in  favor  of  spiral  A. 
But,  on  making  spiral  B  the  back  spiral,  the  needle  moved  3*9 
iiv.  in  its  favor :  thus  showing  that  spiral  B  oflfers  less  resistance 
than  A,  though  both  lengths  were  contiguous  pieces  taken  from 
the  same  sample  of  wira  On  again  placing  A  against  the  stop, 
I  found  that  a  resistance  of  2*9  in.  of  jV  in.  wire,  when  attached 
to  one  leg  of  this  spiral,  reduced  its  action  to  equal  the  forward 
spiral  and  the  needle  remained  absolutely  unaffected  when  the 
spirals  were  quickly  removed  from  the  magnet 

The  following  experiments  show  the  effects  of  separating  the 
spirals.  The  balanced  spirals  remaining,  in  other  respects,  as 
in  the  last  experiment,  I  separated  them  "06  in.  by  intervening 
jard-board ;  tne  needle  was  now  deflected  1  OS  div.  in  favor  of 
the  back  spiral,  and  on  increasing  the  separation  to  '126  in.  the 
iction  of  tne  back  spiral  equalled  3*6  div.  of  the  scala 

I  have  said  above  that  the  two  opposed  currents  tend  to 
braverse  the  galvanometer  coil,  because  theoretic  considerations 
induce  me  to  hold  the  opinion  that  two  currents  cannot  simul- 
»neously  traverse  a  wire  in  opposite  directions,  and  that  onlv 
;he  excess  of  the  intensity  oi  one  current  over  the  other  is 
•eally  propagated  through  the  wire. 

The  next  point  to  be  considered  is  the  mutual  inductive  ac- 
ion  of  the  spirala  The  directions  of  the  turns  in  the  spirals 
)eing  opposeo,  and  as  the  current  in  each,  on  sliding  them  off 
ihe  magnet,  rises  rapidly  to  a  maximum  intensity  and  as 
jnickly  comes  to  0,  it  follows  that  they  must  exert  a  mutual 
nductive  action.  But  although  the  current  in  one  spiral  during 
he  rise  to  its  maximum  causes  an  induced  current  m  the  other 
ipiral  in  the  same  direction  as  that  induced  in  it  by  the  magnet, 
ret,  as  the  current  decreases  as  quickly  to  0  after  it  has  reached 
ts  maximum,  it  follows  that  a  current  in  the  opposite  direction 
o  that  induced  by  the  magnet  in  the  other  smral  will  now 

Eiickly  follow  it,  and  as  these  currents,  +,  and  —  are  equal, 
ere  will  be  no  increased  outside  effect  arising  from  their  inter- 
iction ;  and  many  experiments  showed  that  whether  a  copper 
lisc  was  placed  between  the  spirals  or  an  equally  thick  disc  of 
)aper,  the  action  at  the  galvanometer  was  the  same. 

The  following  experiments  on  this  subject  appear  to  confirm 
he  above  view.  Tne  two  spirals  were  placea  on  the  magnet, 
)ut  only  the  front  one  was  connected  with  the  galvanometer, 
rhile  the  terminals  of  the  back  spiral  were  separated  so  that  no- 
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current  went  through  it  when  the  spirals  were  together  slid  off 
the  magnet  The  action  of  one  spiral  alone  was  sufficient  to 
deflect  the  galvanometer  needle  about  60°.  This  deflection  was 
reduced  to  1°  18'  by  placing  in  its  circuit  a  helix  of  785  ft.  of 
no.  18  copper  wire  ;  the  mean  of  six  experiments  (the  range  of 
which  was  only  yV  div.)  giving  104  div.  The  ends  of  the 
back  spiral  were  now  so  connected  that  an  equal  current  flowed 
through  it  in  a  direction  the  reverse  of  the  other.  The  mean 
of  six  deflections,  produced  by  sliding  together  the  spirals  off 
the  magnet,  equalled  104  div.,  the  same  as  in  the  previous  ex- 
periment ;  thus  showing  that  the  mutual  inductive  action  of  the 
spirals  had  no  effect  on  the  intensity  of  the  induced  magneto- 
electric  currents. 

It  was  also  found  that  on  passing  the  induced  current  fix)m  a 
spiral  through  another  spiral  on  which  rested  a  third  spiral 
whose  ends  were  connected  with  the  galvanometer,  that  no  de- 
flection ensued  when  the  magneto-electric  current  was  passed 
through  the  inducing  spiral. 

However,  the  magneto-electric  currents  were  of  such  low  in- 
tensity that  probably  thejr  were  not  able  to  produce  an  induced 
current  in  the  second  spiral  capable  of  de^ectin^  the  needle, 
and  that  therefore  the  experiments  here  narrated  are  of  little 
value ;  nevertheless,  I  think  the  reasoning  given  above  will  be 
supported  by  experiments  made  with  more  powerfiil  magnetB 
and  with  larger  spirals. 

4.  The  degree  of  Precision  of  the  method, 

Tlie  degree  of  precision  of  this  special  apparatus  was  dete^ 
mined  in  the  following  manner.  A  copper  wire  128  in&  long 
had  opposed  to  it  a  resistance  which  was  about  equal  to  1^ 
ins.  01  its  length  and  the  mean  deflection  of  the  gsJvanometer- 
needles  was  carefully  determined.  The  copper  wire  was  now 
shortened  1  in.  and  the  deflection  again  determined ;  this  was 
repeated, — determining  the  amount  of  deflection  produced  after 
each  shortening  of  1  in., — until  6  in.  had  been  cut  off.  These 
experiments  showed  that  a  diminution  or  increase  of  resistance 
of  TTT  part  in  one  of  the  wires  caused  a  deflection  of  4  div.  of 
the  scale,  or  of  3'  of  arc,  in  the  galvanometer-needles.  But  we 
have  seen  that  '1  div.  can  be  read  on  the  scale,  therefore,  we 
can,  with  this  special  apparatus,  detect  and  measure  an  increased 
or  diminished  resistance  of  ji^^  part  But  as  the  galvanometer 
can  be  removed  to  even  twice  the  distance  at  whicm  we  read  its 
deflections,  I  think  I  am  safe  in  saying  that  with  this  method, 
as  applied  with  the  above  apparatus,  we  can  measure  a  dif- 
ference of  resistance  in  two  conductors  of  y  J  ^  part ;  which  is  hi 
within  the  variations  observed  in  different  samples  of  wires  of 
the  same  lengths  and  diameters. 
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If  a  galvanometer  formed  of  6  or  8  turns  of  -1  in.  wire  were 
used  in  connection  with  a  powerful  magnetic  battery  and  larger 
spirals  of  thicker  wire,  while  the  galvanometer  is  placed  at  a 
greater  distance,  I  have  no  doubt  that  a  variation  of  y^Vv  P^^ 
can  thus  be  detected  and  measured 

5.  .Examples  of  the  determinations  of  electrical  conductivities  by 

this  method. 

The  object  of  these  determinations  was  not  to  furnish  science, 
with  new  and  accurate  data, — ^for  that  would  have  required  a 
careful  personal  supervision  of  the  operations  of  preparing  chem- 
ically pure  metals, — but  it  was  to  give  examples  setting  forth 
the  practice  of  the  method. 

I  had  prepared  "  hard-drawn "  wires,  of  No.  18  B.  W.  G. 
(=  -OiO  in.  diam.),  of  copper,  silver,  iron,  and  German  silver. 
These  wires  were  found  to  have  the  same  diameter.  They  were 
all  covered  with  a  double  wrapping  of  silk. 

Silver, — The  spirals  were  balanced,  by  the  introduction  of  an 
increased  resistance  in  the  back-spiral,  so  that  no  deflection  took 
place  on  sliding  off  the  spirals.  A  length  of  120  in.  of  the  sil- 
ver wire  having  been  placed  in  the  circuit  of  one  spiral,  it  was 
found  that  127  in.  of  copper  wire  were  required  in  the  other 
circuit,  in  order  to  equal  it  in  resistance.  Taking  the  copper 
wire  as  the  standard  of  comparison,  at  100,  we  have 

127 :  120  : :  100  : :  9448. 

Matthiessen  (PhiL  Trans.,  1858,  1862)  makes  the  ratio  of  the 
conductivity  of  silver  to  copper,  both  hard-drawn,  as  100:  99*96 
or  about  equality ;  but  in  my  determination  the  silver  is  5 '5  per 
cent  below  the  copper.  I  therefore  suspected  impurities  in  the 
silver,  and  an  examination  of  the  wire  tindly  made  by  my  col- 
league, Dr.  Wetherill,  showed  that  it  contained  about  "01  per 
cent  of  gold  and  a  trace  of  iron.  This  accounts  for  the  low 
number  found,  and  affords  a  good  illustration  of  PouiUet's  re- 
mark, that  the  purity  of  a  metal  is  most  readily  determined  by 
a  measure  of  its  electrical  conductivity.  The  electrical  test  of 
purity,  however,  exceeds  in  delicacy  the  chemical  examination ; 
for  a  very  minute  percentage  of  allov  causes  a  great  increase  of 
resistance,  and  if  we  could  be  sure  that  the  wires  we  compared 
were  in  the  same  physical  condition  as  to  annealing  or  hard- 
ness, we  could  probably  use  this  method  as  a  means  of  deter- 
mining the  percentage  of  a  knoum  metal  which  formed  the  alloy. 
Pouillet  shows  (^it^  de  Physiaue,  1856,  yoL  i,  p*  606J  that 
silver  whose  conductivity  is  100  wnen  pure,  is  only  51  wnen  it 
contains  037  of  alloy,  and  is  47,  42  and  89  when  it  contains 
respectively  "100,  -143,  and  -263  of  alloy.  Pure  gold  gave  89, 
but  •049  of  alloy  reduced  its  conductivity  to  13 ;  and  Jenkin 
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has  found  that  an  alloy  of  1  part  of  silver  and  2  of  gold  pre- 
sents almost  as  much  resistance  as  German  silver. 

Iron, — The  three  follovring  determinations  were  made  of  Ac 
conductivity  of  the  best  quality  of  iron  wire  relatively  to 
standard  copper  wire. 

1)  The  resistance  of  240    in.  of  copper  wire        =  36*7  iii.  of  iron  wire. 

2)  ^*  *'  *'   111*6   **     '*        '*        '*  ^  16*16  ***'*<      ** 
\        it            ti            a      oQ       II     II         11         li  2.    g.gY  *'     '*       *'       " 

Giving  for  the  relative  conductivity  of  iron, 

(1)     240     :  36-7       =     100  :  16-29 


111-6 
60 


161 6    »     100  :  14-48 
8-67     =     100  :  14-46 


(2) 

(3)  

14*74  =  Mean. 

E.  Becquerel  (Ann.  de  CL  et  Phys.,  Ill,  xvii,  266)  gives  13-6 
for  the  conductivity  of  iron,  copper  being  100 ;  and  both  wires 
hard-drawn ;  while  Matthiessen  (PhiL  Trans.  1868,  1862)  deter- 
mines 16*81  as  the  conductivity  of  iron,  copper  being  100,  and 
both  hard-drawn. 

The  mean  ot  Becquerel  and  Matthiessen  =  15  "20 

My  determination  =  14*74 

DiflFerence  =       "46 

The  copper  and  iron  wires  in  (3)  were  cut  off  from  the 
lengths  used  in  (2) ;  but  the  wires  used  in  (1)  were  taken  from 
parts  of  the  coils  removed  from  the  lengths  (2)  and  (3).  This 
accounts  for  the  close  agreement  of  (2)  and  (3)  and  the  higher 
number  obtained  in  (1). 

My  determination  therefore  appears  to  compare  fiavorablv 
with  those  made  with  different  methods  by  these  experimental- 
ists. I  say  **  appears,"  because  although  tne  copper  was  of  ex- 
cellent quality  and  the  iron  the  best  procurable,  yet  they  were 
not  chemically  examined  as  to  their  purity. 

Another  series  of  determinations  was  oDtained  by  comparing 
the  lengths  of  copper  and  of  iron  wires  which  would  equal  in 
resistance  one  and  the  same  length  of  German  silver  wire,  used 
as  a  term  of  comparison.  The  result  agreed  with  the  above 
determinations. 

6.   071  a  modification  of  the  method. 

As  long  ago  as  1882  Faraday  (Exp.  Ees.  170-180)  first  ob- 
tained an  electric  current,  directly  induced  by  the  earth's  mag- 
netism, byrotating  a  closed  wire  circuit  around  an  axis  at  right 
angles  "  to  the  line  of  the  dip ;"  an  experiment  whose  theoretic 
beauty  has  ever  been  the  admiration  of  natural  philosophers. 

A  length  of  38  ft.  of  j\  in.  insulated  copper  wire  was  wound 
into  a  coil  of  3  ft.  in  diameter,  containing  4  turns.  The  termi- 
nals of  this  coil  were  connected  by  binding  screws  with  the 
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res  leading  to  the  galvanometer  and  the  coil  placed  in  a  plane 
right  angles  to  the  line  of  the  dipping  needle.  On  quickly  ro- 
ing  the  coil  through  180°  the  needles  were  deflected  25°,  and 

making  the  rotations  correspond  in  direction  and  time  with 
s  oscillations  of  the  needle,  I  found  that  six  rotations  brought 
B  deflection  to  over  45°.  Faraday  (Exp.  Res.  202-213  and 
45  et  seq.)  has  shown  that  the  intensities  of  the  magneto-elec- 
c  currents  induced  in  wires  of  difierent  metals  are  as  their 
metrical  conductivities,  therefore  a  coil  of  iron  wire  similar  in 

respects  to  the  above  copper  coil  will  give  a  deflection  of 
out  4°  for  the  first  rotation ;  but  by  increasing  the  number  of 
rns  of  the  coil  to  10  or  more  an^  by  using  a  galvanometer 
th  a  shorter  and  thicker  wire  coil,  the  angle  of  deflection  can 

doubt  be  doubled. 

The  above  facts  show  that  we  can  substitute  for  the  steel 
iffnets,  previously  used,  the  magnetism  of  the  earth,  and  can 
place  the  spirals  by  two  similar  coils  made  of  the  two  speci- 
ina  of  wire  to  be  compared.  The  coils  are  placed  on  each 
aer  so  that  their  convolutions  are  in  opposite  airections ;  and 
ving  been  firmly  tied  together  their  plane  is  made  to  coincide 
th  a  direction  at  right  angles  to  the  dipping  needle,  while 
eir  terminals  are  so  connected  with  the  galvanometer  that  the 
rrents  induced  in  the  two  coils  tend  to  traverse  it  in  opposite 
rections. 

Things  being  arranged  as  above,  it  is  evident, — as  the  wire 
Lis  are  similar  in  all  other  respects, — that  if  the  conductivities^ 

the  wires  are  the  same,  there  will  follow  no  deviation  of  the 
Ivanometer  needle  when  the  coils  are  quickly  rotated  through 
0*^ ;  but  if  the  wire  of  one  coil  oflfers  a  greater  or  less  resist 
ce  than  that  of  the  other  the  needle  wul  be  deflected.  Bj- 
3ertaining  what  differential  actions  correspond  to  known 
Bferences  of  conductivity  of  coils  of  a  certain  diameter,  num- 
r  of  turns  and  thickness  of  wire,  we  can,  by  always  using 
nilar  coils  in  these  relative  measures,  ascertain  what  difference 

relative  conductivity  corresponds  to  a  certain  angle  of  de- 
ction ;  the  chords  of  these  angles,  or,  the  sines  of  half  of  the 
gles,  being  to  each  other  as  the  intensities  of  the  currents. 
Sf  inute  differences  of  resistance  in  the  two  coils  may  be  made 

cause  a  deflection  in  the  galvanometer  needle  by  knowinii^ 
B  time  of  its  oscillation,  and  by  reversing  the  motion  of  rota 
►n  of  the  coils  so  as  to  correspond  to  the  swing  of  the  needle ; 
lis  after  several  reversals  a  motion  is  given  to  the  needle 
lich  could  not  have  been  observed  after  a  single  rotation. 
In  point  of  ready  application, — ^and  especially  in  reference  to 
3  determination  of  the  resistances  of  lengthy  conductors,— I 
ubt  whether  this  method  will  be  generally  adopted ;  but  after 
}  conception  of  the  idea  it  appeared  worth  investigating ;  this 
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I  have  done,  and  have  thus  developed  at  least  any  value  it  may 
possess.  It  ceitainly  presented  an  interesting  problem  and  the 
pleasure  afforded  in  its  solution  has  repaid  me  for  the  consid- 
erable labor  which  it  required. 

S.  Bethleliem,  Pa.,  July  15,  1870. 


Art.  XXX. — On  the  supposed  absence  of  the  Northern  Drifijmm 
the  Pacific  Slope  of  the  Rocky  Mountains;  by  Dr.  BoB£BT 
Brown,  M.A.,  F.RG.S.,  etc,  Edinburgh,  Scotland. 

In  some  interesting  remarks  addressed  to  the  Califomia 
Academy  of  Sciences  on  the  4th  of  June,  1868,  and  published 
in  their  *  Proceedings '  for  that  year  (voL  iii,  pp.  271,  272),  Pro- 
fessor J.  D.  Whitney  denies  that  there  is  any  true  Northern 
Drift  within  the  State  of  California.  "  Our  detrital  materials," 
the  learned  Professor  remarks,  "  which  often  form  deposits  of 
great  extent  and  thickness,  are  invariably  found  to  have  been 
aependent  for  their  origin  and  present  position  on  causes  simi- 
lar to  those  now  in  action,  and  to  have  been  deposited  on  the 
flanks  and  at  the  bases  of  the  nearest  mountain  ranges  by  cur- 
rents of  water  rushing  down  their  slopes.  While  we  nave  abun- 
dant evidence  of  tlie  former  existence  of  extensive  glaciers  in 
the  Sierra  Nevada,  there  is  no  reason  to  suppose  that  this  ice 
was  to  any  extent  an  effective  agent  in  the  transportation  of 
the  superficial  detritus  now  resting  on  the  flanks  oi  the  moun- 
tains. The  glaciers  were  confined  to  the  most  elevated  portions 
of  the  mountains,  and  although  the  moraines  which  they  have 
left  as  evidences  of  their  former  extension  are  oft«n  large  and 
conspicuous,  they  are  insignificant  in  comparison  with  the 
detrital  masses  formed  by  aqueous  erosion.  There  is  noAing 
anywhere  in  ihlifomia  which  indicates  a  general  glaciai  epoch  dur- 
ing which  ice  covered  the  whole  country y  and  motjed  bodies  of  detri- 
tus over  the  surface  independently  of  its  present  configuration, 
as  is  seen  through  the  Northeastern  States." 

Mr.  Whitney  goes  on  to  observe  that  the  same  condition  of 
things  prevails  in  Nevada  and  Oregon,  the  detritus  seeming 
always  to  be  accumulated  at  the  base  of  the  mountains.  Fur- 
ther, from  the  observations  of  Messrs.  Ashbumer  and  Dall,  he 
remarks  that  "it  would  appear  that  no  evidences  of  a  North- 
em  Drift  have  yet  been  detected  on  this  (Pacific)  coast,  even  as 
Jar  north  as  British  Columbia  and  Russian  America  (Alaska). 
Neither  of  these  gentlemen  has  observed  any  indication  of  a 
transportation  of  drift  materials  from  the  north  toward  the  south, 
or  any  condition  of  things  similar  to  that  which  must  have 
existed  in  the  Eastern  States  during  the  diluvial  epoch."    Mr. 
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W.  H.  Dall,  the  gentleman  referred  to  in  the  foregoing  extract, 
(and  well  known  to  the  readers  of  this  Journal  as  one  of  the 
most  active  and  observant  of  the  staff  of  Naturalists  attached 
to  the  Collins  Overland  Telegraph  Expedition),  follows  suit  to 
these  observations  of  Professor  Whitney  by  declariug,  in  a 
paper  published  in  this  Journal  for  January,  1868,  that  though 
he  haa  carefully  examined  the  country  over  which  he  had 
passed,  in  Alaska,  for  glacial  indications,  he  had  not  found  any 
effects  attributable  to  such  agencies.  His  own  opinion,  indeed, 
firom  what  he  had  seen  of  the  west  coast,  though  yet  unproved^ 
was  that  the  glacier-field  never  extended  in  these  regions  to  the 
westward  of  the  Rocky  Mountains,  though  single  glaciers  have 
existed  and  still  exist  between  spurs  of  the  mountains  which 
approach  the  coast  No  boulders,  according  to  Mr.  Dall,  such  as 
are  common  in  New  England,  no  scratches  or  other  marks  of 
ice  action  had  been  observed  by  any  of  his  party,  though  care- 
fully looked  for. 

It  is  this  general  theory  of  the  absence  of  the  Northern  Drift 
in  Northwestern  America  that  I  propose  combating  in  the  re- 
marks which  follow,  and  I  do  so  with  extreme  diffidence,  know- 
ing well  from  old  experience  the  care  and  caution  with  which 
Prof  Whitney  has  proceeded  in  his  remarkable  geological  sur- 
vey of  California,  as  well  as  in  his  earlier  work  on  the  shores  of 
LaKe  Superior.  For  this  reason  I  will  speak  only  of  what  I 
know  from  personal  knowledge  of  the  districts  visited  by  myself, 
calling  in,  however,  the  observations  of  others  as  corroboration 
of  my  statements. 

As  far  as  Alaska  and  California,  and  even  Oregon  and 
Washington  Territory,  are  concerned,  I  must  leave  the  ques- 
tion of  glacial  remains  within  their  bc»undaries,  to  observers 
more  intimately  acquainted  with  their  country  than  I  am,  though 
I  have  a  strong  inclination  to  believe  that  what  I  say  about 
other  portions  of  the  Pacific  coast  will  hold  equally  good  regard- 
ing them  also.  I  have  certainly  visited  and  traveled  through 
California,  and  have  been  in  some  portions  both  of  Oregon  and 
Washington  Territory,  and  on  the  borders  of  Alaska,  yet  my 
knowledge  of  these  countries  does  not  entitle  me  to  dispute 
statements  so  explicitly  made  by  such  excellent  observers  as 
those  cited.  But  with  the  coast  of  British  Columbia  and  the 
whole  of  Vancouver  Island  I  am  very  intimately  acquainted — 
perhaps  more  intimately  than  any  other  single  individual — 
and  can  speak  positively  regarding  the  marked  presence  of 
true  Northern  Drift  there,  so  that  with  every  respect  to  the 
opinion  of  so  distinguished  a  geologist  as  Prot  Whitney,  I  am 
compelled  to  dissent  from  his  theory  regarding  the  entire  ab- 
sence of  glacial  remains  proper,  from  the  Pacific  slope  of  the 
Rocky  Mountains. 
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Between  1868  and  1866 — ^nearly  four  years — ^I  traveled  on 
foot  and  in  canoes,  through  the  forests,  over  the  mountains,  on 
the  rivers,  the  lakes  and  tne  prairies  of  the  whole  of  the  ri^ion 
indicated,  as  Commander  ana  Government  Agent  of  the  ¥uA 
Vancouver  Exploring  Expedition,  and  as  Botanist  of  the  Brit- 
ish Columbia  Expedition.  Again  I  have  three  times  visited 
the  Arctic  Regions,  passing  a  whole  summer  in  Greenland, 
studying  these  and  other  similar  phenomena,  and  have  for  many 
years  been  very  familiar  with  the  remains  of  the  Northern  Drift 
in  Scotland,  the  north  of  England  and  portions  of  the  north  (rf 
Europe.  These  personal  particulars  are  mentioned  to  show 
that  1  am  in  a  position  to  know  glacial  remains  when  found, 
and  to  distinguish  them  from  the  ordinary  terrestrial  debris  ac^ 
cumulated  by  causes  now  in  action  in  the  temperate  countries 
where  formeo.  The  result  of  these  extended  ooservations  has, 
therefore,  been  to  confirm  me  in  an  opinion  entirely  contraiy  to 
that  expressed  by  Messrs.  Whitney,  Ashbumer  and  Dall,  viz: 
that  so  far  from  the  Northern  Drift  being  absent  from  Vanoou- 
ver  Island  and  British  Columbia,  it  is  present  in  as  marked  a 
manner  as  ever  I  saw  it  in  countries  celebrated  for  the  presence 
of  such  remains.  This  opinion  I  casually  expressed  in  1869  in 
a  memoir  entitled  Das  Innere  der  Vancouver  insd,  published  in 
the  volumes  of  Petermann^s  Oeographische  MittheUungen  for  that 
year,  and  more  recently  and  more  explicitly,  in  another,  On  Ae 
Physical  C?iaracterisiics  and  Geographical  I/tstrtbuh'an  of  the  Goal 
Fields  of  Northwest  America  (Transactions  of  the  Geological  So- 
ciety of  Edinburgh,  1868-69).  As  that  statement  has  been  in- 
clined to  be  called  in  question — scientific  sceptics  not  unreason- 
ably considering  that  a  doctrine  promulgated  by  so  eniinent  a 
geologist  as  Prof.  Whitnev  is  entitled  to  further  consideration, 
than  a  mere  curt  denial  of  its  truth,  I  have  considered  it  proper 
to  present  in  a  concise  manner  in  this  place  the  facts  on  which 
I  base  my  disbelief  in  its  truth.  As  early  as  1860,  Mr.  Heniy 
Bauermann,  geologist  of  the  British  Northwest  Boundary  Com- 
mission, made  many  observations  on  this  subject ;  and  subse- 
quently, in  1862,  in  a  Prize  Essay  on  Vancouver  Island^  its  resour- 
ces and  capabilities  as  a  Colony  (Victoria,  1862),  Dr.  Charles 
Forbes,  RN.,  published  similar  facts,  which  my  own  researches 
have  only  tended  to  confirm  and  enlarge,  over  a  greater  area. 
Dr.  Forbes  showed,  what  is  familiar  to  every  one  visiting  that 
section,  that  in  the  whole  southern  portion  of  the  Island,  uiough 
from  the  open  prairie-like  character  of  some  portions  of  tie 
southeastern  section  it  is  there  earlier  observed  than  in  the 
wooded  districts,  the  scooping,  grooving,  and  scratching  of  the 
rocks  by  ice  action  is  very  marked.  The  chief  rock  m  situ 
there  is  a  dense,  hard,  feldspathic  trap,  and  this  is  ploughed  in 
many  places  into  fiirrows  six  to  eight  inches  deep,  and  from  six 
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to  eighteen  inches  wida  The  ice  action  is  also  well  shown  in 
the  sharp  peaks  of  the  erupted,  intruded  rocks,  having  been 
broken  oflF  And  the  surface  smoothed  and  polished,  as  well  as 
grooved  and  furrowed,  by  the  ice  action  on  a  sinking  land,  giv- 
ing to  the  numerous  promontories  and  outlying  islands  which 
here  stud  the  coast,  tne  appearance  of  rounaed  bosses  between 
which  the  soil  is  found  to  be  composed  of  sedimentary  alluvial 
deposits,  containing  the  debris  of  tertiary  and  recent  shelly 
beaches,  which  have,  after  a  period  of  depression,  been  again 
elevated  to  form  dry  land,  ana  to  give  the  present  aspect  to  the 
physical  geography  of  Vancouver  Island. 

The  whole  surface  of  the  country  is  strewn  with  erratic  boul- 
ders. Great  masses  of  60  to  100  tons  in  weight, — chiefly  of 
various  igneous  and  crystalline,  as  well  as  sedimentary  rocks, 
sufficiently  hard  to  bear  transportation, — are  found  scattered 
everywhere  over  the  island  from  north  to  south,  and  through 
the  region  lying  on  the  western  slope  of  the  Cascade  Moun- 
tains. Some  of  these  syenitic  or  granitic  boulders  are  of  a  fine 
grain  and  accordingly  some  of  the  chief  buildings  in  Victoria 
are  built  from  them.  •  I  am  not  aware  that  any  rock  of  a  simi- 
lar description  is  found  in  situ  anywhere  in  Vancouver  Island ; 
it  appears  to  have  drifted  in  icebergs  from  the  north.  I  am 
cordially  of  opinion  with  Dr.  Forbes,  that  though  the  last  up- 
heaval of  the  land,  which  might  have  taken  place  at  a  geologi- 
cally recent  period,  failed  to  connect  Vancouver  Island  with 
the  mainland  of  North  America ;  it  was  at  all  events  sufficient 
to  eflFect  to  a  great  extent,  the  junction  of  numerous  insular 
ridges,  and  thus  to  form  a  connected  whole  of  what  was^  and 
might  have  continued  to  be,  only  an  archipelago  of  scattered 
islets.  The  upheaving  force  elevated  and  connected  these  and 
brought  to  the  surface,  the  great  clay,  gravel  and  sand  deposits 
of  the  northern  Drift  which  had  swept  over,  and  been  deposited 
on,  the  submerged  land.  These  sands,  gravels  and  clays,  were 
now  to  form  the  soil  of  land,  prepared  for  the  habitation  of  man. 
These  constituents  of  the  drift  remain,  in  many  parts,  thinly 
covered  by  a  coating  of  vegetable  mould ;  but  much  has  been 
washed  away.  The  clay  remains  most  generally  and  widelv 
spread  out,  as  a  retentive  sub-soil,  having  resting  upon  it  a  thick 
coating  of  v^etable  mould.  The  most  valuable  soil  is  found 
sweeping  down  the  sides  of  gentle  slopes,  filling  up  hollows  and 
swampy  bottoms,  and,  mixed  with  the  rich  alluvial  deposits  of 
such  districts  as  Saanich,  Cowitchan,  Delta  of  Nanaimo,  and 
Oomax,  forms  an  inexhaustible  source  of  agricultural  wealth. 
The  true  glacial  or  boulder  clay  is  found  in  various  portions  of 
Vancouver  Island.  Bauermann  has  described  it  as  seen  near 
Victoria,  and  I  am  glad  to  be  able  to  vouch  for  the  correctness 
of  his  description :  it  is  extensively  developed  not  only  there 
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but  on  the  opposite  coasts  of  Washington  Territoiy  and  Britisb 
Columbia.  In  the  neighborhood  of  Esauimault  and  Yictom^ 
the  rocks  are  deeply  scored  and  groovea  along  the  shore,  and 
large  boulders  are  scattered  irregularly  over  the  soi&oe  of  the 
country,  as  already  described  The  other  rocks  obeerved  as 
erratics  were  black  cherty  conglomerate,  similar  to  that  und»- 
lying  the  secondaries,*  dark  kminated  mica  schist  with  weB 
defined  garnet-crystals,  hornblende  rock  and  largely  crystalline 
greenstone,  and  rarely  and  in  small  masses  ve^ciiar  obsidian 
and  pitchstone. 

The  following  section  is  given  to  show  the  general  character 
of  the  drift,  at  Esquimault  Harbor. 

Black  sandy  and  peaty  ground  with  broken  shells 2to6fe«t 

Yellowish  sandy  day  with  casts  of  shells  (Gardiuin  and  Mya)  and  »  few 

pebbles  and  boulders _ , 6to8  " 

Gravel  of  scratched  pebbles  resting  on  rock 2  to3  " 

The  rocks  are  grooved  and  scratched  at  the  junction ;  the  di- 
rection of  the  glacial  markings  is  between  N.-S.  and  N.N.W- 
S.S.E.  In  a  well  sinking  at  Esquimault  Barracks  (for  the 
boundary  Commission)  the  lower  gravel  was  reached  at  42  feet, 
after  going  through  a  sandy  blue  clay  without  shells  or  boul- 
ders. The  section  in  the  cuflF  between  Albert  Head  and  Esqui- 
mault is  as  follows : — 

Blue  drift  clay  with  boulders ;  junction  with  rock  not  seen, YCftet 

Fine  sand  and  gravel,  passing  upward  into  coarse  quartasose  gravel,  100-120  " 
— Quart  Jourtk  of  land.  GtoL  Soc,  1860,  p.  202. 

Mr.  Bauermann  is,  or  at  least  was,  at  the  period  his  observa- 
tions were  made,  a  member  of  the  Geological  Survey  of  Ae 
British  Islands,  and  therefore  might  be  supposed  to  know  what 
he  was  speaking  about.  I  say  so  because  though  I  have  been 
able  to  confirm  all  his  descriptions,  yet  it  is  satisfactory  in  a 
subject  of  controversy  involving  so  many  important  matters  to 
have  the  support  of  an  additional  qualified  witness. 

As  already  remarked,  I  cannot  speak  so  confidently  of  Wash- 
ington Territory,  Oregon,  and  the  interior  of  British  Columbia 
to  the  east  of  the  Cascade  Mountains,  being  less  familiar  with 
that  section  of  the  Pacific  slope.  However,  through  western 
Oregon  wherever  I  visited  the  country,  down  at  least  to  the 
Umpqua  river,  and  in  Washington  Territory  to  the  very  base 
of  tne  Cascades,  whatever  further,  I  observed  glacial  remains 
not  less  marked  than  in  the  neighboring  region  of  Vancou- 
ver Island.  Some  of  the  erratic  blocks  are  scattered  over 
the  prairies  of  that  region,  standing  on  the  stoneless  grassy 
plains  in  marked  contrast  to  their  surroundinga     These  boul- 

♦  •' Tortiaries,"  Mr.  Bauermann  says,  but  if  he  refers  to  the  Northern  coal  fleHs 
of  the  island,  then  there  can  be  but  little  d^iubt  that  these  beds  are  as  I  have  given 
them,  here  and  elsowhere,  of  secondary  age. 
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ders  and  erratic  blocks*  have  even  attracted  the  notice  of  the  In- 
dians— otherwise  so  stolid  in  regard  to  the  natural  objects  amon^ 
which  they  live.  One  huge  an^lar  block,  on  the  Snoqualami 
Prairie,  has  a  tiudition  attachea  to  it,  to  the  eflfect  that  at  one 
time  it  was  suspended  from  the  sky  but  was  cast  adrift  to  earth 
on  account  of  tne  wrath  of  the  Supreme  Being,  being  roused  at 
the  licentiousness  of  a  minor  god  and  his  myrmidons  who  for  the 
time  being  were  disporting  themselves  on  it  I  Not  far  from  the 
comer  of  the  Peninsula  of  Saanich  oflf  the  coast  of  Vancouver's 
Island,  there  are  several  large  boulders — (apparently  rounded  by 
the  waves  and  not  by  ice  action  ?^  which  aborigmal  tradition 
assert  to  have  been  some  old  witcnes  turned  into  stone.  Mv 
canoe-men  in  passing  them  used  not  unfrequently  to  stop  there, 
and  throw  water  on  them,  shouting :  "  Give  us  a  wind,  you  old 
jade !"  and  as  occasionally  an  afternoon  breeze  does  not  sprint 
up  in  that  region  after  the  midday  sunamer  calms,  the  supersti- 
tion obtained  with  them  a  semblance  of  belief,  and  so  got  handed 
on  to  posterity  clothed  in  all  the  hoary  sanctity  of  antiquity. 

Groovings  and  other  unequivocal  marks  of  aeneral  ice  action 
are  not  wanting  in  Washington  Territory  either.  Even  with 
the  superficial  glance  we  were  enabled  to  give  the  subject  in 
hurriea  journeys  over  that  region,  for  other  purposes,  we  observ- 
ed not  a  few  of  such  deep  unmistakable  ice  pianings.  And  in 
a  note  received  recently  from  my  friend  ana  former  traveling 
companion,  Mr.  Edmimd  T.  Coleman,  (well  known  as  the  author 
of  the  folio  "  Scenes  from  the  Snow  Fields  of  Mont  Blanc,"  and 
who  may  therefore  be  supposed  to  know  ice  markings)  he  states, 
though  with  no  view  to  combating  the  theory  in  hand,  which 
indeed  he  knew  nothing  about : — 

"  I  saw  at  Seaborne  (near  Bellingham  Bay^  in  the  cuttings 
made  for  a  tramway,  the  finest  instances  of  nuting  and  groov- 
ing, evidences  of  glacial  action,  that  I  have  ever  seen  on  this 
coast  They  were  90  feet  in  length,  running  N.  and  S.  accord- 
ing to  the  theory  of  Professor  Agassiz." 

I  have  not  been  in  Alaska  proper,  but  in  1866  in  a  visit  to 
the  Queen  Charlotte  Islands  lying  some  thirty  or  forty  miles  off 
the  northern  coast  of  British  Columbia,  close  to  the  southern 
boundary  of  the  former  territory,  f  marks  of  the  northern  Drift 
quite  as  marked  as  in  Vancouver's  Island  were  found  there. 

Indeed  in  crossing  the  "spit"  at  the  entrance  of  Skidegate 

*B7  ''boulders*'  I  mean  to  designate  rounded  worn  blocks  of  stone  carried 
along  in  the  mor€une profonde  of  the  ice  sheet;  lij  "erratic  blocks,"  angular  tng- 
ments  of  rook,  apparently  conveyed  to  their  present  resting  place  in  ice  (field  ice 
or  bergs)  without  having  been  subject  to  erosion.  The  necessity  of  the  division  ia 
apparent.  The  first  Is  very  rare  on  the  Pacific  coasts  and  I  suspect  part  of  local 
moraines ;  the  other  is  universal. 

f  I  have  described  their  geography  in  the  Proceedings  of  the  Boyal  Geograph- 
ical Society  of  Loudon,  for  1869.  Some  remarks  on  their  geology  will  likewise  be 
found  in  the  same  plaoe. 
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Sound,  we  had  a  dangerous  reminder  of  the  fiwst,  haying  lost 
the  keel  of  our  schooner,  on  one  of  the  great  boulders  which 
cover  that  locality.  Masset  Spit  and  other  shoal  localities  are 
equally  dangerous  on  that  account  Here  they  present  them- 
selves disagreeably  to  the  seaman's  senses,  but  on  land,  thougli 
less  visible  on  account  of  the  dense  vegetation  concealing  them, 
yet  to  one  accustomed  to  search  for  such  things,  traveled  blocks 
and  ice  groovings  are  sufficiently  abundant  Boulder  clay  is 
jilso  not  wanting  to  complete  the  tale  of  the  glacial  period  in 
Northwest  America- 
All  throughout  this  paper  I  have  sedulously  ayoided  touch- 
ing upon  the  modem  local  glaciers  which  are  found  scattered 
all  throughout  the  northern  portion  of  the  Cascade  and  Coast 
Ranges  of  Mountains,  in  some  places  (as  in  some  of  the  north- 
ern inlets  on  the  coast  of  British  Columbia)  approaching  to 
within  a  short  distance  of  the  sea ;  and  in  the  southern  part  of 
the  latter  range  they  are  found  in  most  of  the  high  moantaina, 
such  as  Mt  Baker,  Diamond  Peak,  etc.  Li  another  place,  "On 
the  formation  of  Fjords,  eta"*  I  have  shown  that  in  all  likelihood 
these  British  Columbian  inlets  were  at  one  time  the  site  of  gla- 
ciers, and  though  the  marks  of  local  glaciers  are  evident  here  and 
there  where  none  are  now  found,  yet  the  appearances  described 
are  due  to  a  totally  different  set  of  causes  from  these,  or  any  now 
in  existence  on  the  American  continent,  unless  indeed  (Green- 
land be  included  under  that  geographical  division.  These  local 
glaciers  in  the  limits  assigned  to  a  paper  of  this  nature  do  not 
therefore  require  to  be  further  toucnea  upon. 

Ami  therefore  in  error,  when  I  think  that  the  case  I  have 
submitted,  makes  good  the  thesis  with  which  I  commenced 
these  remarks,  viz : — that  whatever  may  be  said  of  California 
and  Alaska  (and  Messrs.  Whitney  and  Ball  are  quite  capable 
of  holding  their  own  in  reference  to  their  assertions  about  these 
regions),  the  Northern  drift  is  certainly  not  absent  fix>m  Brit- 
ish Columbia,  Vancouver's  Island,  Washington  Territory  and 
the  Queen  Charlotte  Islands  ?  With  every  respect  to  the  ob- 
servations of  the  gentlemen  named,  my  more  extended  oppor- 
tunities of  investigation  have,  I  think,  enabled  me  to  answer, 
with  some  degree  of  certainty,  this  question  in  the  negative 
Perhaps  I  womd  not  have  been  so  particular  in  discussing  this 
question  at  length,  had  not  Prot  Whitney's  and  Mr.  Ball's  idea 
been  taken  up  in  this  country,  and  in  America  by  geologists  of 
no  mean  emmence,t  and  a  disposition  been  shown  by  others 
less  capable  to  build  thereon  theories,  where  no  theories  ought 
to  be  built 

4  Gladstone  Terrace,  Hope  Park,  Edinburgh,  June  28d,  1870. 

*  Journal  of  the  Royal  Geographical  Societv,  vol  xxxix. 

t  Foster  in  *'  Mississippi  Valley,"  p.  338,  andA.  Geikie  in  *»  Nature,"  vol  i,  p.  436. 
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Art.  XXXL — Extracts  from  the  Address  q/*  George  Bentham, 
Esq.,  President  of  the  Linnean  Society,  on  the  20th  of  May, 
1870. 

It  had  been  mv  intention  on  the  present  occasion  to  carry  on 
the  sketches  of  the  general  progress  of  biological  science  wnich 
I  had  attempted  in  1862,  1864,  1866,  and  1868 ;  but  I  have, 
from  various  causes,  been  unable  to  devote  so  much  time  as 
usual  to  the  preparation  of  my  Address,  and  feel  obliged  to 
confine  myself  to  a  few  points  connected  with  subjects  of  spe- 
cial interest  to  myself,  which,  within  the  last  two  or  three  years, 
have  made  considerable  advances. 

The  most  striking  are,  without  doubt,  the  results  obtained 
from  the  recent  explorations  of  the  deep-sea  faunas,  and  from 
the  investigation  of  the  tertiary  deposits  of  the  arctic  regions, 
which,  although  affecting  two  very  different  branches  of  natu- 
ral science,  I  here  couple  together,  as  tending,  both  of  tiiem,  to 
elucidate  in  a  remarkable  degree  one  of  the  most  important 
among  the  disputed  questions  m  biological  history,  the  contin- 
uity of  life  through  successive  geological  periods. 

An  excellent  general  sketch  of  the  first  discovery  and  pro- 
gressive investigation  of  animal  life  at  the  bottom  of  the  sea  at 
rt  depths,  up  to  the  close  of  the  season  of  1868,  is  given  by 
Carpenter  m  the  Proceedings  of  the  Eoyal  Society,  vol 
xvii.  No.  107,  for  Dec  17,  1868.  The  results  of  the  still  more 
important  expedition  of  the  past  year  have  as  yet  been  only 
generally  stated  by  Mr.  Gwyn  Jeffreys,  in  the  numbers  of  *  Na- 
ture '  for  Dec.  2  and  9,  1869,  and  by  Dr.  Carpenter,  in  a  lecture 
to  the  Royal  Institution,  published  in  the  numbers  of  *  Scien- 
tific Opimon '  for  March  28  and  30  and  April  6  and  18  of  ihe 
present  year ;  and  farther  details,  as  to  the  Madreporaria,  are 
given  by  Mr.  Duncan  in  the  Proceedings  of  the  Royal  Society, 
voL  xviii.  No.  118,  for  March  24  of  the  present  year ;  whilst, 
in  North  America,  the  chief  conclusions  to  be  drawn  from  these 
researches  into  the  deep-sea  fauna  are  clearly  and  concisely  enu- 
merated by  Prof  Verrill,  in  the  American  Journal  of  Science  for 
January  last;  and  some  of  the  more  detailed  reports  of  the 
American  explorations,  by  Louis  and  Alexander  A^ssiz  and 
others,  have  been  published  in  the  Bulletin  of  the  Museum  of 
Comparative  Zoology  at  Harvard  College,  Nos.  6,  7,  and  9  to 
18.  For  the  knowfeige  of  the  data  furnished  by  the  tertiary 
deposits  of  the  arctic  regions  we  are  indebted  almost  exclusively 
to  the  acute  observations  and  able  elucidations  of  Prof  0. 
Heer,  in  his  *  Flora  Fossilis  Arctica,'  in  his  paper  on  the  fossil 

Slants  collected  by  Mr.  Whymper  in  Nortn  Greenland,  pub- 
shed  in  the  last  part  of  the  Philosophical  Transactions  for 
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1869,  and  in  the  as  yet  only  short  general  sketch  of  the  results  of 
the  Swedish  Spitzbergen  Expeditions,  contained  in  the  Gene- 
vese  *  Bibliotheque  Universelle,  Archives  Scientifiques,*  fiar 
Dec.  1869. 

It  would  be  useless  for  me  here  to  retrace,  after  Dr.  Carp^- 
ter  and  Prof.  Verrill,  the  outlines  of  the  revolution  which  these 
marine  discoveries  have  caused  in  the  previoualy  eonceiyed  the- 
ories, both  as  to  the  geographical  distribution  of  marine  ani- 
mals, and  the  relative  influences  upon  it  of  temperature  and 
depth,  and  as  to  the  actual  temperature  of  the  deep  seas,  or  to 
enter  into  any  details  of  the  enormous  additions  thus  made  to 
our  knowledge  of  the  diversities  of  oi^ganic  life ;  and  it  would 
be  still  further  fix)m  my  province  to  consider  the  geological 
conclusions  to  be  drawn  from  them.  My  object  is  more  espe- 
cially to  point  out  how  these  respective  dips  into  the  eariy  his- 
tory of  marine  animals  and  of  terrestrial  K)rest8  have  a£K>rded 
the  strongest  evidence  we  have  yet  obtained,  that  apparently 
unlimited  permanency  and  total  change  can  go  on  side  Dy  side, 
without  requiring  for  the  latter  any  general  catastrophe  that 
should  preclude  the  former. 

There  was  a  time,  as  we  learn,  when  our  chalk-clifi&,  now 
high  and  dry,  were  being  formed  at  the  bottom  of  the  sea  by 
the  gradual  growth  and  decay  of  Globigerinse  and  the  animals 
that  fed  on  them — amongst  others,  for  instance,  Shisoocrimu 
and  T'ereirattilina  captUserpeniis;  and  when,  at  a  later  period, 
the  upheaval  of  the  ground  into  an  element  where  these  animals 
could  no  longer  live  arrested  their  progress  in  that  direction, 
they  had  already  spread  over  an  area  sufficientiy  extensive  for 
some  part  of  their  race  to  maintain  itself  undisturbed ;  and  so, 
on  from  that  time  to  the  present  day,  by  gradual  dispersion  or 
migration,  in  one  direction  or  anotner,  the  same  Mkiasocrinw 
and  Terebratulina  have  always  been  in  possession  of  some  genial 
locality,  where  they  have  continued  from  generation  to  genera- 
tion, and  still  continue,  with  Globigerinse  and  other  animals, 
forming  chalk  at  the  bottom  of  the  sea,  unchanged  in  struct\ptd 
character,  and  rigidly  conservative  in  habits  and  mode  of  life 
throuffh  the  vast  geological  period  they  have  witnessed.  So 
also  there  was  a  time  when  the  hill-sides  of  Greenland  and 
Spitzbergen,  now  enveloped  in  never-melting  ice  and  snows, 
were,  under  a  genial  climate,  clothed  with  forests,  in  which 
flourished  Taocodium  distichum  (with  SequoicBj  MagnoUce^  and 
when  at  a  later  period  these  forests  were  destroyed  by  the  gene- 
ral refrigeration,  the  Taxodium  already  occupied  an  area  exten- 
sive enough  to  include  some  districts  in  whicn  it  could  still  live 
and  propagate;  and  whatever  vicissitudes  it  may  have  met 
with  in  some  parts,  or  even  in  the  whole,  of  its  original  area, 
it  has,  by  gradual  extension  and  migration,  always  found  some 
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spot  where  it  has  gone  on  and  thriven,  and  continued  its  race 
&om  generation  to  generation  down  to  the  present  day,  un- 
changed in  character  and  unmodified  in  its  requirements.  In 
both  cases,  the  permanent  animals  of  the  deep-sea  bottom  and 
the  permanent  trees  of  the  terrestrial  forests  have  witnessed  a 
more  or  less  partial  or  complete  change  in  the  races  amongst 
which  they  were  commingled.  Some  of  these  primitive  associ- 
ates, not  endowed  with  the  same  means  of  dispersion,  and  con- 
fined to  their  original  areas,  were  extinguished  oy  the  geological 
or  climatological  changes,  and  replaced  by  other  races  amongst 
which  the  permanent  ones  had  penetrated,  or  by  new  immi- 
grants  fix)m  other  areas ;  others,  again,  had  spread  like  the  per- 
manent ones,  but  were  less  fitted  for  the  new  conditions  in 
which  they  had  been  placed,  and  in  the  course  of  successive 
generations  had  been  gradually  modified  by  the  Darwinian  pro- 
cess of  natural  selection,  the  survival  of  the  fittest  only  among 
their  descendants.  K,  in  after  times,  the  upheaved  sea-bottom 
becomes  again  submerged,  the  frozen  land  becomes  again  suited 
for  vegetation,  they  are  again  respectively  covered  with  marine 
animals  or  vegetable  life,  derived  fix)m  more  or  less  adjacent 
regions,  and  more  or  less  different  from  that  which  they  origin- 
ally supported,  in  proportion  to  the  lapse  of  time  and  extent 
of  physical  changes  which  had  intervened.  Thus  it  is  that  we 
can  perfectly  agree  with  Mr.  Duncan,  that  "  this  persistence  (of 
type  and  species  through  ages,  whilst  their  surroundings  were 
changed  over  and  over  again)  does  not  indicate  that  there  have 
not  been  sufficient  physical  and  biological  changes  during  its 
lasting  to  alter  the  face  of  all  things  enough  to  give  geologists 
the  right  of  asserting  the  succession  of  several  periods :"  but 
we  can,  at  the  same  time,  feel  that  Dr.  Carpenter  is  in  one  sense 
justified  in  the  proposition,  that  we  may  be  said  to  be  still  living 
in  the  Cretaceous  period.  The  chalk  formation  has  been  going 
on  over  some  part  of  the  North  Atlantic  sea-bed,  fix)m  its  first 
commencement  to  the  present  day,  in  unbroken  continuity  and 
unchanged  in  character. 

If  once  we  admit  as  demonstrated  the  coexistence  of  indefi- 
nite permanency  and  of  gradual  or  rapid  change  in  different 
races  in  the  same  area,  and  under  the  same  physical  conditions, 
according  to  their  constitutional  idiosyncracies,  and  also  that 
one  and  the  same  race  may  be  permanent  or  more  or  less  chang- 
ing, according  to  local,  climatological,  or  other  physical  condi- 
tions in  whicn  it  may  be  placed,  we  have  removed  one  of  the 
great  obstacles  to  the  investigation  of  the  histoiy  of  races,  the 
apparent  want  of  imiformity  in  the  laws  which  regulate  the 
succession  of  forms.  We  may  not  only  trace,  with  more  confi- 
dence, such  modifications  of  race  through  successive  geological 
periods  as  Prol  Huxley  has  recently  e^ibited  to  us  m  respect 
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of  the  Horse,  but  we  can  understand  more  readily  the  absolute 
identity  of  certain  species  of  plants  inhabiting  widely  dissev- 
ered areas,  of  which  the  great  majority  of  species  are  more  or 
less  different     One  of  the  arguments  brought  forward  against 
the  community  of  origin  of  representative  species  in  distant 
regions,  such  as  temperate  Europe  and  the  Australian  Alps, 
the  Arctic  Circle  and  Antarctic  America,  the  Eastern  United 
States  and  Japan  respectively — an  argument  which  has  long 
appeared  to  me  to  have  considerable  weight — ^was  this: — ^if  dis- 
severance and  subsequent  isolation  result  necessarily  in  a  grad- 
ual modification  by  natural  selection,  how  is  it  tiiat  when  all 
are  subjected  to  the  same  influences,  the  descendants  of  some 
races  have  become  almost  generically  distinct  in  the  two  regions, 
whilst  others  are  universally  acknowledged  as  congeners,  but 
specifically  distinct,  and  others  again  are  only  slight  varieties 
or  have  remained  absolutely  identical  ?    To  this  we  can  now 
reply,  with  some  confidence,  that  there  is  no  more  absolute  uni- 
formity in  the  results  of  natural  selection  than  in  any  other  of 
the  phenomena  of  life.      External  influences  act  differently 
upon  different  constitutions.     Were  we  to  remove  the  whob 
flora  and  fauna  of  a  country  to  a  distant  region,  or,  what  comes 
to  the  same  thing,  change  the  external  conditions  of  that  flora 
and  fauna,  as  to  climate,  physical  influences,  natural  enemies, 
or  other  causes  of  destruction,  means  of  protection,  Ac.,  we 
should  now  be  taught  to  expect  that  some  of  the  individual 
races  would  at  once  perish ;  others,  more  or  less  affected,  might 
continue  through  several  generations,  but  with  decreasing  vigor, 
and,  in  the  course  of  years  or  ages,  gradually  die  out,  to  be  re- 
placed by  more  vigorous  neighbors  or  invaders.     Others,  again, 
might  see  amongst  their  numerous  and  ever  varying  offspring 
some  few  slightly  modified,  so  as  to  be  better  suited  for  the 
new  order  of  things ;  and  experience  has  repeatedly  shown  that 
the  change  once  begun  may  go  on  increasing  through  successive 
generations  and  a  permanent  representative  species  may  be 
formed.     And  some  few  races  might  find  themselves  quite  as 
happy  and  vigorous  under  their  new  circumstances  as  und^ 
the  old,  and  might  go  on  as  before,  unchanged  and  unchanging. 
Taking  into  consideration  the  new  lights  that  have  been 
thrown  upon  these  subjects  by  the  above  investigations  and  by 
the  numerous  observations  called  forth  by  the  development  of 
the  great  Darwinian  theories,  amongst  which  I  may  include  a 
few  points  adverted  to  in  a  paper  on  Cassia  which  I  laid  before 
you  last  year,  but  which  a  press  of  matter  has  prevented  onr 
yet  sending  to  press,  it  appears  to  me  that,  in  plants  at  least, 
we  may  almost  watch,  as  it  were,  the  process  of  specific  change 
actually  going  on ;  or  at  least  we  may  observe  oLfferent  races 
now  living  in  different  stages  of  progress,  fix>m  the  slight  local 
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variation  to  the  distinct  species  and  genus.     As  the  i5rst  step 
we  may  take,  for  instance,  those  races  which  are  regarded  by 
the  majority  of  botanists  as  variable  species,  such  as  Rvbusfru- 
ticasttSj  Bosa  canina^  Zomia  diphyUcu,   Cassia  mimosoides^  &c. 
We  shall  find  in  each  some  one  form,  which  we  call  typical, 
generally  prevalent  over  the  greater  part  of  the  area  of  the  race, 
whilst  others,  more  or  less  aberrant,  are  more  or  less  restricted 
to  particular  localities,  the  same  varieties  not  occurring  in  dis- 
connected stations  with  precisely  the  same  combinations  of  char- 
acter and  in  the  same  proportions;    local  and  representative 
varieties  and  subspecies  are  being  formed,  but  have  not  yet 
obtained  sufficient  advantages  to  prevent  their  being  kept  in 
check  by  their  intercommunication  (and,  probably,  cross-breed- 
ing)  with  their  more  robust  type.     The  British  Batologist  or 
Bhodologist  transported  to  the  south  of  France  or  to  Hungary 
will  still  find  one,  or  perhaps  two  or  three  forms  of  Bramble 
and  Dog-rose  with  which  he  is  familiar ;  but  if  he  wishes  to 
discriminate  the  thirty  or  fg*^y  varieties  or  subspecies  upon 
which  he  had  spent  so  much  labor  and  acuteness  at  home,  he 
must  recommence  with  a  series  of  forms  and  combinations  of 
characters  quite  new  to  him.     The  species  is  still  the  same ;  the 
varieties  are  changed     As  examples  of  what  we  may  call  a  sec- 
ond stage  in  the  formation  of  species,  we  may  adduce  such 
plants  aa  Pelargonium  ausirah  or  grossularioides  and  Nicotiana 
suaveoUns  or  angusiifolia^  to  which  I  alluded  in  the  above-men- 
tioned paper  on  Cassia.     Here  we  have  one  race,  of  no  higher 
than  specific  grade  in  the  ordinary  acceptance  of  the  term,  in- 
habiting two  countries  which  have  long  been  widely  dissevered 
(in  the  one  case  South  Africa  and  Australia,  in  the  other  Chili 
and  Australia),  which,  if  originally  introduced  by  accident  from 
one  country  to  the  other,  have  been  so  at  a  time  so  remote  as 
thoroughly  to  have  acquired  an  indigenous  character  in  both ;  in 
both  they  are  widely  spread  and  higlily  diversified :  but  among 
all  their  varieties  one  form  only  is  identical  in  the  two  countries 
{Pelargonium  austrole^  var.  erodioidesj  and  P,  grossularioides^  var. 
anceps ;  Nvcoiiana  suaveolens^  var.  angustifolia^  and  N.  angustifo- 
lia^  var.  acuminata\  and  that  so  comparatively  a  rare  one  that 
it  may  be  regardea  as  being  in  the  course  of  extinction ;  whilst 
all  otner  varieties,  some  of  them  very  numerous  in  individuals 
over  extended  areas,  and  all  connected  by  nice  sradations,  di- 
verge  nevertheleTin  the  two  countries  in  diffe^nt  directions 
and  with  different  combinations  of  characters,  no  two  of  them 
growing  in  the  two  countries  being  at  all  connected  but  through 
the  medium  of  that  one  which  is  still  common  to  both.     When 
that  shall  have  expired,  the  distinct  species  may  be  considered 
established.     A  still  further  advance  in  specific  change  is  exem- 
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plified  in  Cassia  itself,  in  which  I  have  shown  that  no  less  than 
eight  or  nine  different  modifications  of  type,  sectional  and  sub- 
sectional,  are  common  to  South  America,  tropical  AJiica,  and 
Australia,  but  without  any  specific  or,  at  least,  subspecific  iden- 
tity, except  perhaps  in  a  &w  cases  where  a  more  modem  inter 
change  may  oe  presumed.  The  original  common  specific  tjpes 
are  extinct,  the  species  have  risen  into  sections.  Common 
types  of  a  still  higher  order  haye  disappeared  in  the  case  of 
]^roteace8B,  an  order  so  perfectly  natural  and  so  dearly  defined 
that  we  cannot  refrain  from  speculatrng  on  the  community  of 
origin  of  the  African  and  of  the  Australian  races^  both  exceed- 
ingly numerous  and  reducible  to  definite  groups — ^lazge  and 
small  well-marked  genera  in  both  countries,  and  yet  not  a  sn- 
gle  genus  common  to  the  two ;  not  only  the  species,  but  the 
genera  themselyes  haye  become  geographical  As  in  the  case 
of  the  yarieties  of  Pelargonium  and  Nicotiana,  so  in  that  of  the 
species  of  Cassia  and  of  the  genera  of  Proteaceae,  it  is  not  to  be 
denied  that  precisely  similar  modifications  of  character  are  ob- 
seryed  in  the  two  countries ;  but  these  modifications  are  differ- 
ently combined,  the  changes  in  the  organs  are  differently  corre- 
lated. In  Asiatico- African  ChamoscristcB  a  tendency  to  a  par- 
ticular change  in  the  yenation  of  the  leaflet  is  accompanied  by 
a  certain  change  in  the  petiolar  gland ;  in  America  the  same 
change  in  the  gland  is  correlated  with  a  different  alteration  in 
the  yenation.  In  Australian  Proteaceae  the  glands  of  the  torus 
are  constantly  deficient  with  a  certain  inflorescence  (cones  with 
imbricate  scales)  which  is  always  accompanied  by  them  in  Afiica. 

In  selecting  tne  aboye  instance  for  illustration  of  what  we 
may,  without  much  strain  upon  the  imagination,  suppose  to  be 
cases  of  progressiye  change  m  races,  it  is  not  that  they  are  iso- 
lated cases  or  exceptionally  appropriate;  for  innumerable 
similar  ones  might  be  adduced.  In  the  course  of  the  detailed 
examination  I  haye  had  successiyely  to  make  of  the  floras  of 
Europe,  N.  W.  America,  Tropical  America,  Tropical  Afiica, 
China,  and  Australia,  I  haye  eyerywhere  observed  that  com- 
munity of  general  type,  in  regions  now  dissevered,  is,  when 
once  varied,  accompanied  by  more  or  less  of  divergence  in 
more  special  characters  in  different  directions  in  the  different 
countries. 

With  regard  to  the  succession  of  races  which  have  undergone 
a  complete  specific  change  through  successive  geological  penods, 
we  have  not  in  plants,  as  &r  as  I  am  aware,  any  such  cases  of 
"true  linear  types  or  forms  which  are  intermediate  b^ween 
others  because  they  stand  in  a  direct  genetic  relation  to  them,'' 
as  Professor  Huxley  appears  to  have  made  out  in  fisivor  of  the 
pedigree  of  the  Horse  m  his  last  Anniversary  Address  to  the 
Geological  Society.    And  I  may,  in  r^ard  to  plants,  repeat  with 
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till  greater  emphasis  his  dictum,  that  "  it  is  no  easy  matter  to  find 
lear  and  unmistakable  evidence  of  filiation  among  fossil  animals  ; 
OT  in  order  that  such  evidence  should  be  (juite  satisfactory,  it  is 
lecessary  that  we  should  be  acquainted  with  all  the  most  im- 
KMtant  features  of  the  organization  of  the  animals  which  are 
lapppsed  to  be  thus  related,  and  not  merely  with  the  fiagments 
ipon  which  the  genera  and  species  of  the  paleontologist  are  so 
iften  based."  The  difficulty  is  much  greater  in  the  case  of 
bflsil  plants ;  for  instead  oi  bones,  teeth,  or  shells,  portions  of 
ntemal  or  external  skeletons,  the  parts  preserved  to  us  from 
he  tertiary  period  are  generally  those  least  indicative  of  struc- 
nral  organization.  Mr.  Camithers  has  recentlv  (Geological 
If  agazine,  April  and  July  1869,  and  Journal  of  tne  Geological 
iJociety,  August,  1869)  adduced  satisfactory  evidence  of  the 
dose  affinity  of  Sigillaria  and  the  allied  genera  of  the  coal- 
)eriod  with  the  living  Lycopodiace»,  formerly  suggested  by 
Dr.  Hooker;  but,  as  he  informs  me,  no  connecting  links,  no 
roeoimens,  indeed,  of  the  whole  Order,  have  as  yet  been  found 
n  any  of  the  intermediate  cretaceous  or  tertiary  deposita 
Among  the  latter,  the  presence  of  numerous  vegetable  ty|)es, 
k>  which  we  may  plausibly  refer  as  to  the  ancestors  of  living 
races,  is  establishea  upon  unimpeachable  data ;  but  I  have  been 
mable  to  find  that  a  single  case  of  authentic  pedigree,  as  sue- 
seBsively  altered  fix)m  the  cretaceous  through  tne  abundant  de- 
X)6itB  of  the  eocene  and  miocene  period  to  the  living  races,  has 
)e6n  as  yet  as  satisfactorily  made  out  as  that  of  the  absolute 
identity  of  Taxodium  and  others  above  mentioned,  although  I 
feel  very  little  doubt  that  such  a  one  will  yet  be  traced  when 
mr  paleontologists  shall  have  ceased  to  confound  and  reason 
Qike  upon  the  best  proved  facts  and  the  wildest  guesses.  Our 
ale  distinguished  foreign  Member,  Professor  Unger,  whose  loss 
we  have  so  recently  to  deplore,  had  indeed,  shortly  before  his 
teath,  published,  under  the  name  of  *  Geologic  der  europaischen 
^aldbaume,  part  1,  Laubhdlzer,'  no  less  than  twelve  tabular 
ledigrees  of  European  forest  races ;  but  it  seems  to  me  that  in 
his,  as  in  another  of  the  same  eminent  paleontologist's  papers 
0  which  I  shall  presently  have  to  refer,  his  speculations  have 
teen  deduced  much  more  freely  irom  conjectures  than  from 
icta.  There  is  no  doubt  that  the  presence  of  closely  allied 
epresentatives  of  our  Beeches,  Bircnes,  Alders,  Oaks,  Limes, 
K5.,  in  the  tertiary  deposits  of  Central  and  Southern  Europe  is 
ally  proved  by  inflorescences  and  fruits  as  well  as  leaves;  but 
low  can  we  establish  the  successive  changes  of  character  in  a 
aoe  when  we  have  only  the  inflorescence  of  one  period,  the 
hiit  of  another,  and  the  leaf  of  a  third?  I  do  not  find  a 
ingle  case  in  which  all  three  have  been  found  in  more  than  one 
tege;  and  by  far  the  great  majority  of  these  fossU  species  are 
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established  on  the  authority  of  detached  leaves  or  fragments  of 
leaves  alone. 

Now  let  us  consider  for  a  moment  what  place  a  leaf  really 
holds  in  systematic  botany.  Would  any  experienced  system- 
atic botanist,  however  acute,  on  the  sole  examination  of  an  un- 
known lea^  presume  to  determine,  not  only  its  natural  orda 
and  genus,  but  its  precise  characters  as  an  unpublished  species? 
It  is  true  that  monographists  have  sometimes  published  new 
species  founded  on  specimens  without  flower  or  fruit,  which 
from  collateral  circumstances  of  habitat,  collector's  notes,  gene- 
ral resemblance,  &c.,  they  had  good  reason  to  believe  really  be- 
longed to  the  genus  they  were  occupied  with ;  but  thcD  ther 
had  the  advantage  of  ascertaining  the  general  fades  derived 
from  insertion,  relative  position,  presence  or  absence  of  stipolar 
appendages,  &c.,  besides  the  data  supplied  by  the  branch  itsdf 
And  with  all  these  aids,  even  the  elder  De  dandoUe,  than  whom 
no  botanist  was  more  sagacious  in  judging  of  a  genus  from. 
general  aspect,  proved  to  have  been  in  several  instances  &r 
wrong  in  tne  genus,  and  even  Order,  to  which  he  had  attributed 
species  described  from  leaf-specimens  only.  Paleontologistii 
on  the  other  hand,  have,  in  the  majority  of  these  tertiary  de- 
posits, had  nothing  to  work  upon  but  detached  leaves  or  fiiff- 
ments  of  leaves,  exhibiting  only  outward  form,  venation,  asid, 
to  a  certain  degree,  epidermal  structure,  all  of  which  characten 
may  be  referred  to  that  class  which  Professor  Flower,  in  his  in- 
troductory lecture  at  the  Royal  College  of  Suigeons  in  Febru- 
ary lc\st,  has  so  aptly  designated  as  adaptive^  in  contradistinction 
to  essential  and  fundamental  charactera  They  may,  when 
taken  in  conjunction  with  relative  individual  abundance,  assiflt 
in  forming  a  general  idea  of  the  aspect  of  v^etation,  and  thus 
give  some  clue  to  certain  physical  conditions  of  the  country; 
but  they  alone  can  afford  no  indication  of  genetic  affinity,  or 
consequently  of  origin  or  successive  geographical  distributm 

Lesquereux,  in  speaking  of  Cretaceous  ^'species,  or  rather 
forms  of  leaves,"  observes,  in  a  note  to  his  paper  on  Foenl 
Plants  from  Nebraska  (this  Journal,  voL  xlvi,  July,  1868,  p. 
103),  that  "  it  is  well  understood  that  when  the  word  speaa  w 
usea  in  an  examination  of  fossil  plants,  it  is  not  taken  in  its 

f)recise  sense ;  for  indeed  no  species  can  be  established  frwn 
eaves  or  mere  fragments  of  leaves.  But  as  paleontologists 
have  to  recognize  these  forms  described  and  figured,  to  c«n- 
pare  them  and  use  them  for  reference,  it  is  necessary  to  afl^  to 
them  specific  names,  and  therefore  to  consider  them  as  speciea" 
But  the  investigators  of  the  tertiary  floras  of  Central  and  South- 
em  Europe  have  accjuired  the  habit,  not  only  of  neglecting  this 
distinction  and  naming  and  treating  these  forms  of  leaves  u 
species  equivalent  to  those  established  on  living  plants,  but  of 
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founding  upon  them  theories  which  must  fidl  to  the  ground  if 
such  specific  determination  proves  inaccurate.  Nothing  can  be 
more  satisfactory  than  such  determinations  as  that  of  Podogo- 
nnim,  for  instance,  which  Professor  Heer  has  succeeded  in 
proving,  by  numerous  specimens  of  leaves,  fruits,  and  even 
flowers,  some  of  them  still  attached  to  the  branches,  which  I 
had  myself  the  pleasure  of  inspecting  last  summer  under  the 
friendly  guidance  of  the  distinguished  Professor  himself.  This 
ffenus  of  OsBsalpinieaB,  from  its  evident  affinity  with  PeUogyne^ 
Ibmarindus^  and  others  now  scattered  over  the  warmer  regions 
of  America  and  Africa,  and  more  sparingly  in  Asia,  tells  a  tale 
<rf  much  significance  as  to  the  physico-geographical  relations  of 
the  Swiss  tertiary  v^etation,  coimrmea  as  it  is  by  some  other, 
equally  or  almost  equally  convincing  examples.  But  the  case 
appears  to  me  to  be  far  diflferent  with  the  theory  so  vividly 
expounded  by  Professor  linger  in  1861  in  his  Address  entitled 
"Neu  Holland  in  Europa."  This  theory,  now  generally  admit- 
ted, seems  to  me  to  be  established  on  some  such  reasoning  as 
this : — ^There  are  in  the  tertiary  deposits  in  Europe,  and  espe- 
oiaUv  in  the  earlier  ones,  a  number  of  leaves  that  look  like  those 
of  Iroteacesd  are  a  distinguished  feature  in  Australian  v^eta- 
tion ;  ergo^  European  v^etation  had  in  those  times  much  of  an 
Australian  type  derived  from  a  direct  land  communication  with 
that  distant  re^on. 

This  conviction,  that  Proteaceas  belonging  to  Australian  gen- 
€Ba  were  numerous  in  Europe  in  Eocene  times,  is  indeed  re- 
sarded  by  paleontologists  as  one  of  the  best-proved  of  their 
nets.     They  enumerate  nearlv  one  hundred  tertiary  species,  and 
most  of  them  with  such  absolute  confidence  that  it  would  seem 
the  height  of  presumption  for  so  inexperienced  a  paleontolo- 
gist as  myself  to  express  any  doubt  on  the  subject     And  yet, 
although  the  remains  of  the  tertiary  vegetation  are  far  too 
scanty  to  assert  that  Protaecese  did  not  form  part  of  it,  I  have 
no  hesitation  in  stating  that  I  do  not  believe  that  a  single  speci- 
men has  been  found  that  a  modem  systematic  botanist  would 
admit  to  be  Proteaceous  unless  it  had  been  received  from  a 
oonntry  where  ProteacesB  were  otherwise  known    to    exist 
And,  on  other  grounds,  I  should  be  most  unwilling  to  believe 
that  any  of  the  great  Australian  branches  of  the  Order  ever 
reached  Europe.     As  this  is  a  statement  requiring  much  more 
dian  mere  assertion  on  my  part,  I  shall  beg  to  enter  into  some 
detail,  commencing  with  a  short  summary  of  my  grounds  of 
lisbelief  in  European  tertiary  Proteaceae,  and  then  examining 
into  the  supposea  evidences  of  their  existenca 

From  the  above  considerations,  I  cannot  resist  the  opinion 
that  all  presumptive  evidence  is  against  European  Proteaceae, 
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and  that  all  direct  evidence  adduced  in  their  favor  has  broken 
down  upon  cross-examination.  And  however  much  these 
Eocene  leaves  may  assume  a  general  character,  which  maj  be 
more  frequent  in  Australia  (in  Proteacese  and  otiier  Orders)  than 
elsewhere,  all  that  this  would  prove  would  be,  not  any  genetic 
affinity  with  Australian  races,  but  some  similarity  of  caosn 
producing  similarity  of  adaptive  characters. 

Another  series  ox  conclusions  drawn  by  paleontologists  JSmn 
their  recent  discoveries,  which  appears  to  me  to  have  been  ca^ 
ried  too  far,  relates  to  the  region  where  a  given  species  ongini- 
ted.     The  theory  that  every  race  (whether  species  or  group  of 
species  derived  from  a  single  one)  originated  in  a  single  indi- 
vidual, and  consequently  in  one  spot,  from  which  it  has  mdn- 
ally  spread,  is  a  necessary  consequence  of  the  adoption  of  Dar- 
winian views ;  and  when  Mr.  R.  Brown  ("  On  the  Geogiaphkil 
Distribution  of  Conifers,"  Trana  Bot  Soc.  Edin.,  x,  p.  195)  sneen 
at  my  having  qualified  it  as  a  perfect  delusion,  he  must  have 
totally  misunderstood,  or  rather  misread  the  passage  he  refen 
to  in  my  last  year  s  Address.     The  expression  is  there  spedaily 
applied  to  the  idea  of  general  centers  of  creation  whence  the 
whole  flora  of  a  region  has  gradually  spread,  in  contradistiiic- 
tion  to  the  presumed  origin  of  individual  races  in  a  single  spot^ 
which  is  there  as  distinctly  admitted.     The  determination  ci 
where  that  spot  is  for  any  individual  race,  is  a  far  more  compli- 
cated question  than  either  geographical  botanists  or  paleontolo- 
gists seem  to  suppose.     "Every  vegetable  species,"  as  well  ob- 
served by  Professor  Heer,  "  has  its  separate  history,"  and  re- 
quires a  very  careful  comparison  of  all  the  conclusions  deduci- 
ble  as  well  from  present  distribution  as  from  ancient  remaina 
The  very  important  fact  that  Taxodium  distichum^  SeytiouBj  J%- 
nolicBj  Salisburia^  &c.,  existed  in  Spitsbergen  in  Miocene  times,  bo 
satisfactorily  proved  by  Heer,  shows  that  the  vegetation  of  tiiat 
country  then  comprised  species  and  genera  now  characteiistic 
of  North  America ;  but  it  appears  to  me  that  the  only  conclu- 
sion to  be  drawn  (independently  of  climate  and  geology)  is,  that 
the  area  of  these  species  and  genera  had  extended  continuoualj 
from  the  one  country  to  the  other,  either  at  some  one  time,  or 
during  successive  periods.     The  proposition  that  "  Spitsbergen 
appears  to  have  been  the  focus  of  distribution  of  Taaoodiufa  d» 
tickum^''^  because  an  accidental  preservation  of  its  remains  showB 
that  it  existed  there  in  the  lower  Miocene  period,  would  require 
at  least  to  be  in  some  measure  confirmed  by  a  knowledge  of 
the  flora  of  the  same  and  preceding  periods  over  the  remainder 
of  its  present  area,  the  greater  part  of  which  flora,  however,  ia 
totally  annihilated  and  forever  concealed  from  us.     The  feck 
that  Pinus  Abies  existed  in  Spitsbergen  in  Miocene  times,  and  thit 
no  trace  of  it  has  been  found  in  the  abundant  Tertiary  remains 
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of  Centaul  Europe  is  very  instructive.  It  might  show  that  that 
tree  was  of  more  recent  mtroduction  into  the  latter  than  the 
former  country ;  but  it  cannot  prove  that  it  was  not  still  earlier 
in  some  other  region,  whence  it  may  have  spread  successively 
into  both  territories,  still  less  that  its  course  of  dissemination 
was  directly  fix)m  Spitsbergen  over  Northern  and  Central  Eu- 
rope. Moreover  the  determination  of  Pinus  Abies  is  not  so 
convincing  as  that  of  the  Tcucodiumj  resting  as  it  does,  if  I  cor- 
lectly  understand  Prof  Heer*s  expression,  on  detached  seeds 
and  leaves,  with  a  few  scales  of  one  cone,  and  may  require 
farther  confirmation. 

In  the  above  observations  it  is  very  far  from  my  wish  to  de- 
tract  fix)m  the  great  value  of  Professor  Heer^s  researches.  In- 
terested as  I  have  been  in  the  investigation  of  the  history  of 
races  of  plants,  I  have  deeply  felt  my  general  ignorance  of 
paleontology,  and  conseauent  want  of  means  of  checking  any 
oonclusions  I  may  have  orawn  from  present  vegetation  by  any 
knowlec^e  of  that  which  preceded  it,  and  the  mipossibility  at 
my  time  of  life  of  entering  ioto  any  detailed  course  of  study 
of  fossils.  like  many  other  recent  botanists,  I  am  obliged  to 
avail  myself  of  the  general  results  of  the  labors  of  paleontolo- 
gists ;  and  if  I  have  here  ventured  on  a  few  criticisms,  it  is 
only  as  a  justification  of  the  hope  that  they  may  in  some  meas- 
ure distinguish  proved  facts  from  vague  guesses,  in  order  that 
we  may  mow  how  far  reliance  is  to  be  placed  on  tiieir  con- 
dusions.  ««**«« 


Abt.  XXXIL — Account  of  thefaU  of  a  Meteoric  Stone  in  Stewart 
County^  Georgia ;  by  Professor  Joseph  E.  Willet. 

In  October,  1869,  I  learned  that  a  metoric  explosionh  ad 
occurred  in  Stewart  county,  Georgia.  I  immediately  requested 
Hon.  John  T.  Clarke,  a  resident  of  the  county  adjoining  Stewart, 
to  enquire  whether  any  stone  or  stones  had  fellen,  and  to  ep- 
deavor  to  procure  them  for  Mercer  University.  Judge  Clarke, 
after  considerable  labor,  was  entirely  successful  in  his  search ; 
and,  through  him,  Mr.  Barlow,  in  whose  vard  the  meteorite 
descended,  generously  presented  it  to  our  Museum.  To  Judge 
Clarke  and  to  Mr.  Latimer,  I  am  indebted  for  the  following 
history  of  the  phenomena  attending  the  descent  of  the  meteorite. 

Mr.  J.  B.  Latimer  of  Bladen *s  creek,  Stewart  county,  has 
kindly  furnished  the  following  particulars  of  the  fiigkt  of  the 
body  through  the  air,  and  of  the  several  explosions,  which  occurred 
nearly  vertically  above  him. 

"  The  morning  of  the  6th  October  last  (1869)  was  quite  clear, 


886  J.  R  WiUet  tm  the  Georgia  Meteorie  Stone. 

scarcely  any  cloud  being  visible,  quite  calm;  about  10  A. M. 
the  atmospnere  grew  somewhat  hazy,  no  clouds ;  at  about  16 
or  20  minutes  before  12  M.  a  roaring,  rushing  sound  was  beard 
in  a  northwesterly  direction,  about  80  degrees  above  the  horizon. 
In  a  moment  or  two,  it  was  almost  directly  over  head,  at  which 
point  a  loud  explosion  occurred,  followea  in  rapid  succession 
by  six  other  reports,  but  less  in  volume  than  the  first — ^making 
seven  in  alL  The  explosions  appeared  about  as  loud  as  a  13- 
pound  cannon,  at  a  distance  of  10  or  12  miles.  These  explo- 
sions did  not  occur  all  at  the  same  point  in  the  heavens,  out 
seemed  to  emanate  from  some  body  moving  rapidly  to  the  south- 
east. After  the  explosions,  a  peculiar  whirring  sound  was  heard, 
apparentlyproduced  by  some  large  irregular  body,  moving  veiy 
rapidly.  This  also  went  in  a  southeasterly  direction.  This 
sound  was  heard  several  seconds  ;  many  have  compared  it,  and 
aptly  too,  to  an  imperfect  steam-whistle.  I  have  no  precise 
iaea  of  the  time  consumed  in  all  this  demonstration ;  some 
persons  say  several  minutes — but  I  think  10  or  15  seconds 
would  about  cover  the  time. 

"  As  the  larger  body  was  going  out  of  our  hearing,  (some 
moments  after  the  explosions)  a  smaller  one  passed  to  the  south- 
west, with  just  such  a  noise  as  is  always  produced  by  a  flying 
fragment  of  a  shell  after  its  explosion,  or  of  any  angular  body 
cast  violently  through  the  air.  This  piece  descended  to  the 
earth,  distinctly  traced  in  its  passage  by  many  persons,  and 
struck  in  the  yard  of  Capt  E.  Barlow — which  point  of  contact 
is,  on  an  air-line,  about  2^  miles  fix)m  a  perpendicular  beneath 
where  the  explosions  occurred.  This  is  tne  only  one  known  to 
have  fallen  in  this  section. 

"  The  explosions,  together  with  the  rushing  sound  afterward, 
were  heard  over  a  region  about  80  miles  N.E.  and  SwW.  and  50 
or  60  miles  N.W.  and  S.E.  No  shock  was  felt — ^at  least  no 
tremor  of  the  earth. 

"  Two  men  say,  that  they  were  looking  in  the  exact  direction 
of  the  explosions  at  the  time  they  occurred,  and  saw  a  quantity 
of  vapor,  much  like  the  volume  of  steam  escaping  fiom  the 
pipe  of  an  engine,  at  each  successive  stroke ;  which  vapor  or 
mist  was  violently  agitated,  and  increased  in  bulk,  with  each 
successive  report,  but  disappeared  soon  after  the  cessation  of 
the  reports.  This  corroborates  the  testimony  of  some  of  my 
own  laborers,  who  say,  that  immediately  afl«r  the  explosions 
something  like  a  thin  cloud  cast  its  shadow  over  the  field  they 
were  in." 

Hon.  John  T.  Clarke,  of  Cuthbert,  Ga.,  who  has  interested 
himself  in  collecting  the  history  of  the  meteorite,  and  through 
whose  influence  it  has  come  into  the  possession  of  Mercer 
University,  writes  me  the  following  particulars  of  its/alL 
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"  It  fell  about  Hi  a.  m.  on  the  6th  of  October  last,  (1869), 
in  Stewart  county,  Gra.,  on  the  premises  of  Elbridge  Barlow,  Esq., 
about  12  miles  south  of  west  from  Lumpkin.  Cap!  Barlow 
picked  it  up  a  few  moments  after  it  fell.  His  account  of  it  is 
Ais.  While  standing  in  the  open  yard,  the  sky  being  bright 
and  clear,  he  heard  first  a  succession  of  about  three  explosions, 
resembling  sudden  bursts  of  thunder,  or  discharges  of  artillery, 
followed  by  a  deep  roaring  for  several  seconds,  and  then  by  a 
rushing  or  whizzing  sound  of  something  rushing  with  great  speed 
through  the  air  near  by.  The  sound  ceased  suddenly.  The 
noise,  from  first  to  last,  was  some  half  a  minuta  Two  negroes 
were  washing  near  the  well,  in  the  same  yard,  about  sixty  yards 
fix>m  where  Barlow  stood.  They  heard  the  noise,  and  supposed 
it  to  be  the  falling  in  of  the  plank  well-curbing,  banging  from 
side  to  side  in  its  descent,  and  so  spoke  of  it  to  one  another 
before  it  fell  While  they  were  speaking  thus,  it  struck  the 
ground  about  twenty  steps  from  them,  in  fiiU  sight,  knocking 
up  the  dirt  They  callea  Capt  B.  and  showed  him  the  spot 
It  was  upon  very  hard  trodden  ground  in  the  clean  open  yard. 
The  eartn  was  freshly  loosened  up  very  fine  in  a  circle  of  about 
one  and  a  half  feet  in  diameter ;  and,  upon  scraping  the  loose 
dirt  away  with  the  hands,  the  stone  was  found  about  ten  inches 
below  the  surface.  Prom  the  direction  in  which  the  groimd 
was  crushed  in,  it  must  have  come  from  the  northwest,  and  at 
an  angle  of  about  80  degrees  with  the  horizon.  The  stone 
when  picked  up  was  coveim  all  over  with  the  black  shell  which 
it  bears  now,  except  a  triangular  spot  on  one  comer,  about  one 
inch  each  way,  where  the  comer  appeared  freshly  Imocked  oflF, 
and  about  four  other  spots  near  a  quarter  of  an  inch  in  diame- 
ter, where  the  shell  was  slightly  knocked  off.  The  other 
bruises,  which  you  will  find  upon  it,  have  been  made  since  by 
persons  who  have  handled  it  To  enable  you  to  distinguish 
the  original  breaks  upon  it,  I  have  marked  each  of  them  with 
a  red  cross.  The  stone  still  has  a  strong  odor,  which  I  will  not 
undertake  to  describe.  Capt  B.  says  it  smelled  stronger  when 
he  first  picked  it  iip.  He  does  not  remember  that  it  had  any 
noticeable  heat  It  was  not  cold,  as  a  stone  found  so  deep  in 
the  ground  should  be. 

"  The  stone  weighs  now  12^  ounces,  about  ^  ounce  has  been 
pecked  off  fix)m  it  Its  color  within  is  strikingly  like  very 
light  granite;  and,  with  the  exceptions  above  noted,  it  is 
entirely  covered  with  a  smooth,  almost  black  shell,  a  trifle 
thicker  than  common  letter  paper,  so  that  externally  it  looks 
very  much  like  a  lump  of  iron  ore.  It  is  an  irregular,  seven- 
sided  figure,  its  longest  side  being  about  2|-  inches  long.  If  put 
into  a  spherical  form,  it  would  make  a  ball  about  If  inches  in 
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diameter.     So  &r  as  I  have  been  able  to  ascertainY  no  other 
parts  have  been  found 

^'  The  noise  attending  this  phenomenon  is  varioufilj  described 
by  different  persons,  and  from  different  places.  Two  intelligent 
ladies  residing  four  miles  south  of  Lumpkin,  nearly  east  of  where 
the  stone  fell,  and  about  ten  or  twelve  miles  off,  describe  it  thus. 
While  sitting  in  the  house  they  heard,  as  it  were,  the  sound  of 
a  great  fire  suddenly  bursting  forth  firom  some  confinenrient  into 
the  open  air.  They  rushed  out  of  doors,  and  heard  the  ross- 
ing  sound  continue  for  several  seconds.  They  located  the  souree 
of  the  noise  in  the  direction  of  Barlow'a 

"  In  Cuthbert,  about  18  miles  from  Barlow's,  nearly  south- 
east, a  gentleman,  engaged  in  a  workshop,  heard  a  lumbering 
noise,  which  he  took  to  be  several  heavy  pieces  of  machinery 
in  an  adjoining  room,  falling  down  one  after  another.  On  going 
in,  he  found  no  one,  and  that  he  had  mistaken  the  cause  of  the 
noisa  Many  persons  here  heard  sounds  like  repeated  thunder 
followed  bv  roaring.  Some  say  that  they  first  heard  sevenJ 
rapid,  cracking  explosions,  like  that  of  volleys  of  small  arms, 
followed  immediately  by  the  louder  burst  of  artillery.  Most 
persons  here  thought  the  noise  came  &om  the  southeast^  passed 
over  the  place  in  a  northwesterly  direction,  and  died  away  in 
the  distant  northwest 

"  The  foregoing  statements  have  been  selected  firom  many  in 
circulation,  showing  how  differently  the  senses  were  affected  at 
different  points.  The  facts  are  purposely  presented  in  their 
nakedness.  K  vou  can  find  them  available  in  aid  of  a  scientific 
investigation  oi  the  orimn  of  this  phenomenon,  I  shidl  have 
accomplished  more  than  I  expect" 

The  above  accounts  agree  as  to  the  main  facts.  They  were 
furnished  by  Mr.  Latimer  and  Judge  Clarke,  without  being 
compared  by  them.  It  is  possible  that  a  comparison  of  notes 
by  tnem  might  have  thrown  some  light  on  the  point  of  greatest 
discrepancy,  viz :  the  direction  of  flight  It  is  probable  that 
the  meteorite  came  from  some  point  in  the  north  quarter ;  the 
statement  of  Mr.  Latimer  over  whom  it  exploded,  and  that 
of  Mr.  Barlow  as  to  the  direction  in  which  the  earth  was  pene- 
trated, concur  in  this  regard.  Persons  in  Cuthbert,  who  repre- 
sent it  as  coming  fix)m  the  south,  may  have  been  misled  by  an 
echo,  mistaking  this  for  the  original  sound. 

Prof.  J.  Lawrence  Smith,  who  is  giving  special  attention  to 
the  subject  of  meteorites,  has  requested  the  privilege  of  anal- 
yzing the  stone  above  described. 

Mercer  Uniyersity,  Penfleld,  (Georgia. 


\r.  L.  Smith — Analysis  of  the  Georgia  Meteorite.         889 


Abt.  XXXHL — Description  and  Analysis  of  a  Meteoric  Stone 
that  fell  in  Stewart  county^  Go.  {Stewart  county  Meteorite),  on 
the  6th  of  October,  1869 ;  by  J.  Lawrence  Smith. 

In  October,  1869,  I  learned  through  the  public  press  that 
certain  meteoric  phenomena  had  occurred  in  Stewart  county, 
Georgia,  and  that  one  or  more  stones  had  fellen.  Enquiries 
were  inmiediately  instituted  by  me,  and,  through  Prof.  Willet, 
I  obtained  for  examination  tM  only  stone  found,  one  that  was 
seen  to  strike  the  ground,  and  from  him  received  an  account 
of  the  phenomena  observed  at  the  time  by  Messrs.  Latimer, 
Clurke  and  others.     [See  preceding  Article.] 

The  stone,  as  it  reachea  me,  was  nearly  intact,  and  weighed 
12i  ounces ;  it  must  originally  have  weighed  12^  ounces.  It 
is  of  an  irregular  conical  shape,  having  a  flattened  base,  and  is 
covered  with  a  dull  heavy  black  coating.  The  specific  gravity 
is  8  •65.  The  fractured  surface  has  a  grayish  aspect,  ana  when 
examined  closely,  especially  by  the  aid  of  a  glass,  exhibits 
numerous  greenish  globules  with  a  whitish  granular  material 
between ;  tnrough  the  mass  are  dark  particles  consisting  princi- 
pally of  nickelilerous  in»n,  with  some  pyrites,  and  a  few  specks 
of  chrome  iron.  The  nodules  are  sometimes  three  or  more 
millimeters  in  diameter,  and  of  an  obscure  fibrous  crystalline 
structure,  the  crystals  radiating  usually  from  one  side  of  the 
nodule ;  they  have  a  dirty  botue-green  color,  a  greasy  aspect 
when  broken,  and  are  more  or  less  opaka 

Some  of  these  little  nodules  were  separated  in  a  tolerable 
state  of  purity,  amounting  to  121  milligrams ;  on  analysis  they 
afforded: 

Oxygen.  Ratio. 

Silica 48-62  26-90)              „ 

Alumina 8*06  3-79  J 

Protox^rd  of  iron  . .  .11*21  2*51  f             - 

Magnesia 80*18  11*80) 

98-06 

The  hardness  of  the  mineral  is  about  6,  and  it  is  quite  tough. 
The  formula  would  be  ftSi,  with  a  part  of  the  silica  replaced 
by  alumina,  a  not  unfrequent  case  in  minerals  such  as  horn- 
blende, hypersthene,  &c.  As  it  is  impossible  to  derive  any 
light  from  its  crystalline  structure,  the  above  analysis  warrants 
me  in  concluding  that  it  is  either  bronzite,  or  homblendej  but  I 
am  more  inclined  to  the  former  supposition  as  it  appears  to  take 
the  place  of  the  enstatite  in  many  meteorites. 

Nickeliferous  iron  constitutes  about  7  per  cent  of  the  mass, 
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and  a  portion  separated  in  as  pure  a  state  as  possible,  afforded 
on  analysis — 

Iron 86-92 

Nickel 12-01 

Cobalt 0-75 


99-68 

These  are  the  proportions  after  allowing  iron  for  a  small  amount 
of  sulphur,  present  in  a  minute  quantity  in  the  nickeliferous 
iron,  which  could  not  be  sepasated  mechanically.  I  did  not 
test  for  copper  or  phosphorus  ;  the  quantity  of  iron  separated 
from  the  stone  did  not  warrant  my  making  special  analyses  for 
substances,  the  quantity  of  which  present  could  only  be  exceed- 
ingly minuta 

The  stony  matter  freed  from  the  iron  was  treated  with  nitro- 
muriatic  acid  and  water,  and  heated  for  some  time  over  a  water 
bath,  renewing  the  water  and  acid  once  or  twice ;  the  solution 
was  filtered,  and  the  residue  washed ;  the  residue  was  then 
treated  with  a  warm  solution  of  caustic  potash,  filtered  and 
again  washed  The  filtrate  was  neutralized  by  hydrochloric 
acid,  and  added  to  the  first  filtrate,  and  the  whole  evaporated 
to  dryness  over  a  water  bath,  warmed  gentlv  over  the  lamp, 
and  treated  with  water  and  a  little  hydrochloric  acid,  thrown 
on  a  filter,  the  silica  collected  and  estimated ;  the  last  filtrate 
was  treated  with  a  solution  of  hydrochlorate  of  baryta  to 
ascertain  the  quantity  of  sulphuric  acid  present,  (due  to  the 
pyrites  in  the  original  mass)  ;  it  was  found  to  indicate  6 '10  per 
cent  of  magnetic  iron  pyrites.  The  solution  freed  from  the 
excess  of  baryta  was  now  analyzed  in  the  ordinary  way. 

The  insoluble  portion  of  the  meteorite  was  fused  with  car- 
bonate of  soda  and  a  small  fragment  of  caustic  potash,  and  its 
ingredients  ascertained. 

A  separate  portion  of  the  stony  part  of  the  meteorite  was 
examined  for  alkalies. 

The  various  analyses  referred  to  above  gave— omitting  the 
nickeliferous  iron : 

The  part  soluble  in  acid 58*06 

"       "     insoluble       "     41-96 

Soluble  part        Insoluble  part 

Silica 41-08  66-03 

Alumina 0*32  5*89 

Protoxyd  of  iron 18-45  16*21 

Magnesia 41-06  21*00 

Lime ! 0*10 

Soda,  with  a  little  ]S:  and  ti 2-97 

100-83  101-20 
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The  soluble  part  consists  principally  of  olivine.  The  insol- 
uble is  doubtless  the  bronzite  already  refer  to,  with  a  little 
albite  or  oligoclase. 

Chroma  iron  was  detected  by  fusing  some  of  the  stony  part 
of  the  meteorite  with  carbonate  of  soda  and  a  little  niter,  and 
separating  in  the  usual  way.     The  quantity  was  quite  minute. 

The  composition  of  the  stone  as  made  out  would  be 


Nickeliferous  iron VOO 

Magnetic  pyrites 6-10 

BroDzite,  or  hornblende 

Olivine 

Albite,  or  oligoclase 

Chrome  iron 


I 


86-90 


100-00 


Art.  XXXTY. — Sorae  practical  remarks  on  the  icse  of  Flame  Heat 
in  the  Chemical  Laboratory^  especially  that  from  burning  gas 
without  the  aid  of  a  blast;  by  J.  Lawrence  Smith,  Louis- 
ville, Ky. 

There  is  probably  no  more  important  era  in  the  operations 
of  the  chemical  laboratory  than  that  of  the  introduction  of  the 
lamp  as  a  source  of  heat  for  a  large  number  of  chemical  opera- 
tions, and  that  without  the  aid  of  a  blast  Berzelius  was  doubt- 
less the  first  to  accomplish  much  in  this  direction,  which  he  did 
by  the  acency  of  the  lamp  that  so  commonly  bears  his  name, 
and  whicn,  more  or  less  modified,  is  still  in  use  where  the  ordi- 
narv  illuminating  gas  is  not  to  be  had. 

Although  illuminating  gas  has  been  in  use  for  about  seventy 
years,  it  is  only  within  a  comparatively  recent  date  that  it  has 
been  pressed  into  service,  and  used  as  a  heating  agent  in  the 
laboratory.  The  reason  of  this  arose  fix)m  the  fact  that  when 
burnt  in  the  ordinary  manner  it  deposited  soot  on  the  vessels 
heated  by  it  This  difficulty  has  been  overcome  by  burning 
the  gas  irom  small  orifices  made  in  a  tube  bent  in  tne  form  of 
a  circle,  the  holes  being  from  1  to  2  centimeters  apart,  and, 
sometimes,  combining  two  or  more  rings  in  concentnc  circles. 
This  method,  however,  has  not  been  generally  adopted. 

We  must  date  the  successfiil  introduction  of  gas  for  heating 
purposes  to  the  use  of  a  mixture  of  gas  and  air  passed  through 
wire  gauze  and  ignited  above  the  gauze,  giving  a  flame  without 
light  and  with  great  heat ;  the  invention  of  this  method  ia 
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claimed  by  several,  and  doubtless  was  discovered  by  different 
individuals  at  about  the  same  time,  without  a  previouB  knowl- 
edge of  each  other's  results ;  this  method  is  still  more  or  less 
employed  for  certain  purposes. 

The  next  step  in  this  direction,  and  doubtless  the  meet  imp(»<- 
tant  up  to  the  present  time,  is  to  burn  the  mixture  of  gas  and 
air  without  the  agency  of  wire  gauze ;  it  was  first  made  known 
to  the  public  in  the  burner  commonly  called  the  Bunsen  burn- 
er, doubtless  from  its  being  either  invented  or  brought  into  ex- 
tensive practical  use  by  the  distinguished  chemist  of  Heidd- 
berg.  Its  form  is  too  well  known  to  require  more  than  a  mere 
mention  here,  and  it  is  now  made  of  all  sizes  fix>m  those  capa- 
ble of  burning  4  cubic  feet  of  gas  and  under,  to  those  which 
can  bum  15  or  20  cubic  feet  from  a  single  burner,  or  from  a 
combination  of  several  smaller  ones.  To  this  burner,  some  ma- 
terial*additions  have  been  made  by  different  individuals.  J.  J. 
GriflSn,  (the  chemical  instrument  dealer  in  London),  was,  I  be- 
lieve, the  first  to  introduce  the  use  of  the  rosette  and  the  rcgia- 
ter  for  the  supply  of  air.  The  most  remarkable  results  accom- 
plished by  this  method  of  burning  gas  and  air  are  those  obtain- 
ed by  G.  Gore  of  Birmingham,  (sdl  of  whose  results  I  have  ver 
ified),  where  gold,  copper,  cast  iron,  &a,  were  fused  in  cruci- 
bles without  the  agency  of  any  artificial  blast  Mr.  GK>re  evi- 
dently realized  fuUy  the  true  principle  of  burning  this  mixture, 
so  as  to  obtain  a  maximum  effect ;  the  burner,  however,  wiA 
its  furnace  arrangements,  is  unavoidably  of  a  form  and  on  a 
scale  limiting  its  application. 

The  usual  form  of  the  Bunsen  burner,  with  the  rosette  and 
register  (when  required),  bids  fair  to  hold  its  own  against  any 
other  form  for  general  purposes,  and  whatever  modifications 
may  be  made  on  it  should  be  of  such  a  character  as  not  to  «i- 
trench  on  its  simplicity.  One  or  two  of  these  modifications  are 
now  in  daily  use  in  my  laboratory,  for  which  there  is  no  daim 
to  any  special  originality,  nor  are  they  intended  to  supplant  the 
ordinary  form. 

As  simple  an  instrument  as  the  Bunsen  burner  appears  to  be, 
its  principles  and  effects  are  well  worthy  of  being  carefoHy 
stuoied. 

As  the  gas  passes  from  the  small  orifices*  in  the  lower  part 
of  the  burner,  and  mixes  with  the  air  drawn  in  at  the  lower 
opening,  and  passes  out  at  the  open  end  of  the  tube,  it  usuaDy 
contains  not  quite  enough  oxygen  for  its  complete  combustion, 
and  requires  fi^e  access  of  air  to  the  outer  portion  of  the  flame 

*  The  outlet  for  gas  may  be  in  the  form  of  croesed  dits  or  two  small  holes  of 
(1-32  inch  diameter  eaoh)  for  the  smaU  size  burner,  the  length  of  tube  being  about 
4  to  4^  inches  \on^ ;  the  next  larger  has  four  openings  (about  1-26  inch  diameter 
each)  and  the  tube  about  6  inches  long. 
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3  complete  the  combustion ;  yet  even  with  this,  the  flame  is 
loUow  in  its  lower  portion,  iutying  a  cool  center,  its  most  in- 
ense  heat  being  at  about  three  or  four  inches  above  the  end  of 
he  tube  in  the  smaller  Bunsen-bumers,  and  eight  or  ten  inches 
D  the  lai^eat  size.  If  a  proper  access  of  air  is  not  allowed  to 
he  flame,  as  sometimes  happens  in  some  of  the  furnace  con- 
lections  occasionallj  used  with  Bunseo's  burner,  acetylene  is 
brmed  from  the  imperfect  combustion,  which  is  recognized  by 
ta  disagreeable  odor,  or  ~by  collecting  some  of  the  gas  formed 
Luring  the  combustion ;  the  presence  of  acetylene  may  be  ren- 
lered  evident  by  a  smaill  amount  of  a  solution  of  ammoniacal 
uprous  ohlorid. 

The  best  heating  effects  of  the  gas  used  in  the  ordinary  round 
iunsea  burner,  when  employed  in  the  heating  of  crucibles  and 
ither  vessels,  are  not  obtained ;  yet  in  the  great  majority  of 
ases  the  small  loss  of  gas  is  not  worth  considering,  especially 
IS  to  obtain  better  results  in  most  cases,  would  only  complicate 
his  beautifully  simple  instrument 

To  get  the  beat  effects  of  heat,  we  most  imitate  the  jmnciple 
applied  in  the  Argaud  burner,  namely  to  flatten  down  the  exit 
If  the  mixed  gases.  It  was  by  following  out  this  principle  that 
ifr.  Gore  was  enabled  to  make  a  burner  haying  a  number  of 
adi^  flat  orifices  as  repre- 
ented  in  the  figure  (1),  the 
or  from  without  having  free 
bccess  to  the  flame  along  the 
mtire  length  of  the  slit  open- 
ngs,  the  number  of  slits  used 
kre  more  numerous  than  those 
«presented  in  the  figura 
With  the  flame  from  this  , 
nimer  introduced  into  a  cer- 
ahi  form  of  refiuctoiy  cylin- 
lers,  cast  iron  can  be  melted 
n  a  crucible,  without  the  aid 
>f  a  blast,  as  has  already  been 
itated ;  the  little  chimney  to 
he  furnace  being  two  inches 
n  diameter,  and  four  feet 
ong.  This  burner  and  its  furnace  is  of  but  limited  applica- 
ion,  and  the  amount  of  gas  consumed  considerable. 

The  principle,  however,  of  the  above  burner  is  introduced  in 
onstructing  a  more  simple  form,  and  the  flattened  orifice  is 
low  used  in  the  construction  of  what  I  conceive  to  be  the  Iwst 
brm  of  furnace  for  heating  glass  tubes  for  ormnic  analyses  and 
tther  purposes ;  such  furnaces  are  made  by  Weisnig  of  Paris, 
md  Desaga  of  Heidelberg. 
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The  use  of  the  flattened  burner  is  not  fully  appreciated ;  its 
advantages  are,  that  there  is  no  cold  point  in  the  name,  and  the 
burner  can  be  brought  much  nearer  to  the  object  to  be  heated, 
within  20  to  25  millimeters  for  the  small  sized  biinieni  ^ 
this  burner  as  usually  made,  the  opening  is  too  broad,  experi- 
ence having  convinced  me  that  a  slit  2  millimeters  across  and 
about  40  millimeters  in  length  is  the  most  effective  one  for  a 
small  size  burner,  consuming  about  5^  cubic  feet  per  hour; 
this  burner  is  represented  in  fig.  1,  which  can  be  usea  with  the 
ordinary  tube,  by  detaching  the  tube  with  the  flattened  orifioa 
By  taking  a  burner  of  this  description  and  putting  two  pieoes 
on  each  side  of  the  center,  as  represented  in  fig.  2,  a  very  effi- 
2  3  cient  burner  is  made  for  heat- 

ing platinum  crucibles  in  sil- 
ica msions,  &c.,  and  with  such 
a  burner,  consuming  5|  to  6 
cubic  feet  of  gas  per  hotur,  I 
conduct  most  effectoallj  all 
silica  fusions  in  one  hour  or 
less,  taking  care  to  proteet 
the  crucible  from  the  cuireoi 
of  the  air  by  a  properly  oon* 
structed  short  conical  dum- 
ney,  which  chimney  can  be 
made  of  soap  stone,  sheet 
iron,  or  any  other  convenient  material. 

As  was  stated  in  the  commencement  of  this  article,  it  was 
not  intended  to  describe  the  more  complicated  methods  of  hnm- 
ing  gas  in  furnaces  and  by  means  of  a  blast,  but  to  confine  the 
remarks  to  the  simpler  forms  in  every  day  use,  which  can  be 
made  to  accomplish  all  the  requirements  of  the  usual  laboiatoiy 
operations,  and  when  a  higher  heat  is  required,  the  funuMe 
must  be  our  recourse,  whether  burning  gas,  chiuxK>al  or  ocAe 
The  burner  represented  in  figure  2  is  the  one  I  now  employ  in 
heating  the  crucible  in  my  method  of  alkali  determination  with 
carbonate  of  lime  and  sal  ammoniac,  which  method,  with  ito 
more  recent  modifications,  will  be  published  in  a  very  short 
time.  The  description  of  it,  with  all  the  minute  detuls  of 
manipulation,  being  ready  for  the  press. 
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Art.  XXXV. — On  the  connection  between  Terrestrial  Temperature 
and  Solar  Spots ;  by  Cleveland  Abbe,  Director  of  the  Cin- 
cinnati Observatory. 

Wk  are  indebted  to  Sir  Wm.  Herschel  for  the  suggestion  that 
probably  the  presence  of  numerous  spots  on  the  surface  of  the 
8un  is  indicative  of  increased  chemical  activity,  and  is  accom- 

Sinied  by  increased  radiation  of  heat.  The  investigations  and 
oories  of  the  past  ten  years  however  would  lead  us  to  an 
opposite  conclusion  from  that  of  HerscheL 

Immediately  on  the  receipt  of  the  Astronomische  Nachrichten 
containing  Wolfs  tabular  view  of  the  relative  frequency  of  the 
solar  spots  for  the  past  three  centuries,  I  made  an  extended 
comparison  of  the  numbers  therein  given  with  such  meteoro- 
logical tables  as  were  then  accessible  to  ma  After  much  labor 
I  was  forced  to  conclude  that  the  variations  of  solar  heat  are  so 
slight  that  they  are  masked  in  the"  local  climatic  peculiarites. 

On  further  reflection,  however,  it  seemed  certain  that  the 
heat  radiated  from  a  dark  spot  should  \)q  of  low  intensity,  and 
would  therefore  be  largely  absorbed  by  the  aqueous  vapor  of 
onr  own  atmosphere  as  well  as  by  that  of  the  sun.  i  have 
therefore  been  latelv  led  to  make  a  special  study  of  the  series 
of  observations  maae  on  the  Hohenpeissenberg,  and  published 
in  the  supplementary  volume  L  of  the  Annals  of  the  Munich 
Observatory.*  This  series  specially  deserves  attention  because 
of  the  remarkable  uniformity  of  the  circumstances  under  which 
the  observations  were  made;  it  extends  from  1792  to  1860, 
omitting  the  years  1793,  1799,  1811,  1812  and  1817. 

Assuming  that  the  number  of  visible  solar  spots  or  grc»ups 
are  an  index  of  the  existing  solar  radation  of  heat,  we  have  but 
to  compare  the  number  {s)  expressing  the  relative  spot  frequency 
as  given  by  Wolf  with  the  mean  annual  temperature,  (^)  as 
given  by  Lamont  The  solution  of  the  equation  ^=^4-5t  gives 
US  to  and  t,  which  latter  is  the  coefficient  of  solar  spot  influence 
on  ^e  radiation  of  heat 

The  accompanying  table  exhibits  for  each  year  the  value  of 
$  and  ^, — ^the  latter  expressed  in  degrees  of  Beaumur. 

The  arithmetical  mean  of  the  annual  temperatures  gives 

Mi=+5°178zfc0^-061 
prob.  error  of  one  annual  mean  =zfc0'449 

The  residuals  are  given  in  the  column  ^— mj. 

Introducing  the  term  s^  we  find  by  the  method  of  least  squares 

(^)=-f5°-460(zfc0°-086)-5X0°-00789(zh0^-00204) 
p.  e.  of  one  aijnual  mean  =zh0®'480. 

•  Volame  VII,  oontainmg  the  oontinuatioii  of  this  series  has  not  jet  been 
iBosiyed. 
Ax.  JouB.  Sol— Sbcoxd  Ssbixs,  Vol.  L,  No.  150.— ^o^.^lfifl^« 
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That  the  probable  errors  are  on  the  whole  very  little  dimin- 
ished, is  owing  to  the  presence  of  a  few  large  discordances ;  on 
the  other  hand,  the  small  probable  error  of  the  coefficient  of  s 
would  indicate  that  it  has  a  real  existence. 

As  the  daily  2  P.  M.  observation  may  be  supposed  to  show 
with  special  clearness  the  direct  heating  power  of  the  sun,  I 
have  sought  for  a  confirmation  of  the  preceding  results  by 
applying  the  same  formula  to  the  annual  means  of  the  tem- 
peratures observed  at  this  hour. 

The  annual  mean  temperature  at  2  p.  M.  is  given  for  each 
year  in  the  column  ^  of  the  accompanying  tabla 

The  arithmetical  mean  gives 

M,=+6^-830db0°-067 
p.  a  of  one  annual  mean  =zh0°*489 

The  solution  for  the  co-efficfent  of  s  gives 

(^)=+79.io8(zfcO°-100)-5XO°-00801(zhO^ -00221) 
p.  e.  of  one  annual  mean  =dr0*466. 

This  result  therefore  corroborates  the  former  in  indicating  a 
decrease  in  the  amount  of  heat  received  from  the  sun  dunng 
ihe  prevalence  of  spots — a  result  clearly  in  harmony  with  the 
recent  investigations  into  the  nature  of  the  solar  photosphere. 

The  reality  of  the  existence  of  the  above  coefficient  of  s  will 
be  rendered  more  striking  to  the  eye  if  the  mean  of  several 
years'  observations  is  taken  at  the  period  of  maximum  and 
minimum  spot  frequency. 

It  would  be  interesting  to  seek  in  the  above  residuals  for 
evidence  of  other  temperature  periods  than  that  dependent  on 
the  eleven  year  spot  period.  There  are  indeed  plain  indications 
of  such  a  period  of  about  fifty  or  fifty-five  years  duration — 
probably  identical  with  Wolfs  fifty-six  year  period — but  our 
aeries  oi  observations  is  not  extended  enough  to  justify  any 
exact  conclusion. 

If  we  acknowledge  the  probability  of  a  connection  between 
planetary  confi^rations  and  solar  spots,  then  we  are  at  once 
led  to  make  a  direct  connection  between  the  former  and  thetem- 

S nature  variations.  Such  an  investigation  I  have  begun  and 
e  indications  are  that  positive  resmts  will  be  attained,  and 
aach  as  will  demonstrate  that  the  solar  spots  are  but  an  imper- 
fect index  to  the  periodic  changes  in  the  solar  radiation ;  these 
periodic  changes  being  apparently  more  intimately  and  directly 
connected  with  the  tides  in  the  cool  atmosphere  surrounding 
ihe  solar  photosphere.  The  results  of  this  investigation  will  be 
made  known  so  soon  as  the  recent  observations  on  the  Hohen- 
peLnenberg  can  be  incorporated  into  the  work. 

Obidimati,  July  20,  1870. 


348  C.  A.  Young  on  a  method  of  determining  the  Levd-enor. 


Art.  XXX  VL — On  a  new  method  of  deierrnining  Ae  Level-crm 
of  the  axis  of  a  meridian  instrument;  by  C.  A,  YouNG,  PkD., 
Professor  of  Natural  Philosophy  and  Astronomy  in  Dart- 
mouth College. 

[Bead  at  the  Troy  meeting  of  the  Am.  Af^sociation  for  the  AdvanoemeDt  of  ScteDoe] 

The  inclination  of  the  axis  of  a  meridian  instrument  to  a 
horizontal  plane  has  hitherto  been  measured  by  three  different 
methods :  by  the  use  of  the  spirit  level ;  by  examining  with  a 
collimating  eye-piece  the  image  of  the  wires  as  in  namr-point 
observations,  the  collimation  having  been  previously  determined 
either  by  reversal  of  the  instrument  or  by  collimators;  and 
lastly  by  observing  the  transits  of  stars  by  reflection  from  an 
artificial  horizon.  • 

The  first  of  these  methods  is  by  far  the  most  used,  and  with 
portable  instruments  is  sufficiently  convenient  Still  it  reqnireB 
a  good  deal  of  time,  and,  in  the  case  of  a  lai^e  instrument,  of 
hard  work ;  and  if  there  are  sensible  irregularities  upon  tha 
pivots  of  the  instrument  it  is  a  very  troublesome  operation  to 
ascertain  and  apply  the  necessary  corrections. 

The  second  and  third  methods  are  still  more  laborious :  the 
second  gives  the  level  error  corresponding  to  but  one  single 
position  of  the  telescope,  i  e.,  with  the  telescope  pointing  down- 
ward, and  is  therefore  liable  to  a  constant  error  depending 
upon  any  malformation  of  the  pivots  which  affects  the  instra- 
ment  in  this  particular  position :  the  third  method  can  be  used 
only  when  the  air  is  perfectly  stilL 

'The  method  I  have  to  propose,  aUows  the  determination  of 
this  error  without  any  further  labor  than  two  readings  of  a 
microscope,  in  any  jK)sition  of  the  telescope,  and  without  that 
uncomfortable  climbing  which  is  involved  in  the  use  of  the 
striding  level  or  nadir  observations. 

The  annexed  diagram  illustrates  the  arran^ment  of  the 
apparatus,  in  which,  however,  no  r^ard  is  paia  to  the  relatiTe 
proportion  of  parts;  the  prism  ana  mercurial  horizon  bring 
grossly  exaggerated  in  size  for  the  sake  of  distinctnes& 

The  axis  of  the  instrument  is  to  be  fitted  up  as  a  collimator 
in  the  same  manner  already  practised  by  Challis,  Aiiy  and 
others.  In  place  of  cross-wires,  however,  the  extremity  A 
should  be  provided  with  a  plate  of  thin  glass  having  a  mmute 
dot  or  circle  engraved  upon  it,  the  plate  being  adjustable  ao 
that  this  dot  can  be  brought  into  the  geometrical  axis  of  rev- 
olution and  into  the  focus  of  the  small  object-glass  which  is 
situated  in  the  other  pivot,  0.  A  reading  microscope,  M,  ia 
attached  to  the  pier  and  provided  with  an  ordinary  colliinating 
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eye-piece  N,  by  which  light  can  be  thrown  upon  the  dot  through 
ifie  tube  of  tne  microscope.    This  enables  us  to  measure  the 
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vertical  distance  between  the  dot  and  its  image  formed  by  re- 
flection in  the  manner  to  be  described. 

Opposite  0  is  fixed  a  prism  shaped  like  that  of  a  camera 
Inciaa,  which  by  two  total  reflections  bends  the  light  through  a 
right  angle.  Immediately  below  it  is  placed  a  mercurial  horizon. 
Kan  ordinary  right  angled  prism  were  employed,  producing 
the  bend  by  a  single  reflection,  then  any  disturbance  of  the 
prism  would  disturb  twice  as  much  the  relation  between  the  ray 
passing  from  A  to  O  and  that  returning;  but  with  a  prism  of 
the  form  proposed  this  relation  is  independent  of  any  small 
changes  in  the  position  of  the  prism.  Distortion  of  the  prism, 
whicn  is  hardly  to  be  feared,  could  alone  do  any  harm. 

A  prism  of  this  form  and  mercurial  horizon^  thus  combinedj 
form  in  effect  a  vertical  plane  mirror^  whose  verticality  is  indepen- 
dent of  any  small  instability  of  the  pier  upon  which  it  is  mounted. 

It  is  then  easy  to  see  that  if  the  dot  be  accurately  centered 
and  if  the  axis  is  level  the  image  of  the  dot  wiU  exactly  coincide 
with  the  dot  itself,  provided  that  the  reflecting  angle  of  the 
prism  be  exactly  185°.  I^  however,  the  angle  vary  slightly 
from  this  the  image  of  the  dot  will  fall  above  or  below  the  dot 
itself  bj  a  small  amount,  which  will  be  constant,  and  can  be 
determined  once  for  all  by  any  one  of  several  different  methoda 
Airy  deviation  of  the  axis  from  horizontality  will  immedi- 
ately be  indicated  bv  a  change  in  this  distance  twice  as  large 
as  the  deviation  itself,  and  may  be  accurately  measured  by  the 
microscope.  Any  inaccuracy  in  the  centering  of  the  dot  is 
immediately  elimmated  by  taking  two  measurements  in  opposite 
positions  of  the  telescope. 

The  mercurial  horizon  employed  should  of  course  be  so  de- 
vised as  to  be  free  from  tremors  as  far  as  possible.  The  form 
recently  described  by  J.  H.  Lane,  of  the  U.  S.  Coast  Survey,  ap- 
pears to  leave  little  to  be  desired  in  this  respect 

There  is  no  difficulty  in  arranging  the  apparatus  so  that  the 
ordinary  illumination  of  the  wires  at  the  eye-piece  of  the  teles- 
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cope  shall  be  effected  by  the  light  transmitted  through  the  body 
of  the  microscope.  So  arranged,  the  apparatus  remains  in  ocm- 
stant  readiness  for  use,  and,  as  before  remarked,  requires  only 
the  labor  of  taking  two  microscope  readings  for  each  detennin- 
ation  of  level  error,  without  involving  any  disturbance  of  the 
setting  of  the  instrument 

I  may  add  in  closing,  that  this  virtual  mirror  of  constant  incli- 
nation to  the  horizon  may  easily  find  other  applications, — as  for 
instance  in  determining  the  horizontal  points  of  a  vertical  cirde 
where  the  object  glass  ol  the  instrument  is  not  solaigeasto 
require  a  too  unwieldy  and  expensive  prism. 

Hanoyer,  N.  H.  Aug.  1,  1870. 


Art.  XXXVIL — Influence  of  Temperature  on  the  modulus  rf 
Elasticity  of  certain  Metals ;  by  F.  KoHLRAUSCH,  PLD.,  and 
Francis  E.  Loomis,  Ph.D. 

[Communicated  in  extracts  to  the  Academy  of  Sdenoea,  Gdttingen,  Maj  f ,  iVtt] 

The  results  obtained  by  Wertheim,*  in  his  investigations  re- 
specting the  influence  of  temperature  on  elasticity,  have  thus 
mr  generally  served  as  a  basis  for  calculation.  It  will  be  ob- 
served in  comparing  these  data,  that  for  certain  substances,  eroe- 
ciallv  for  iron,  the  singular  phenomenon  manifests  itself  tnat 
for  (liiferent  temperatures  the  variations  of  the  modulus  under 
go  a  change  of  sign.  From  0°  C.  to  100®  the  modulus  increases, 
and  then  from  100°  to  200°  decreases.  This  increase  is  certain- 
ly altogether  contrary  to  what  would  naturally  have  been  ex- 
Eected.  Such  a  maximum,  however,  is  still  more  remarkabk 
a  view,  therefore,  of  the  uncertainty  of  the  results  of  investi- 
gations thus  far  made  known,  and  the  importance  of  an  accu- 
rate knowledge  of  the  variations  of  the  modulus  of  elastic!^ 
for  different  temperatures  in  many  of  the  finer  measurements, 
the  present  investiga^iions  were  undertaken  with  a  view  if  pos- 
sible of  obtaining  more  reliable  results  for  some  of  the  metals 
of  greatest  practical  utility.  For  practical  purposes  it  would 
suffice  to  determine  the  variations  of  elasticity  within  the  lim- 
its of  the  more  ordinarily  occurring  temperatures.  This  was 
partially  accomplished  by  Kupffer,  whose  investigations  we  shall 
refer  to  hereafter.  Nevertheless  in  consequence  of  the  results 
obtained  by  Wertheim,  it  appeared  of  especial  interest  to  deter- 
mine again  the  variations  in  regard  to  their  uniformity,  as  well 
as  in  regard  to  a  change  of  sign.  The  observations  were  ex- 
tended therefore  to  high  temperatures,  in  general  fi?om  90^  to 
20°  C,  and  in  one  case  very  nearly  to  0°.     Within  these  limits 

*  Pogg.  Ann.  Erg..  Band  2,  S.  61 ;  Aon.  de  Chimie,  3m«  8 ,  T.  1 2,  p.  443. 
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be  variations  in  the  elasticity  can  be  determined  from,  the  ob- 
ervations  with  great  accuracy.  Since  they  show  a  remarkable 
iniformity,  there  can  be  no  hesitation  in  assuming  the  result- 
Qg  empirical  formula  as  veiy  nearly  accurate,  considerably  be- 
'^ond  these  limits. 

It  is  scarcely  necessary  to  observe  that  the  investigations  of 
Wertheim  have  aflForded  the  most  valuable  material  for  a  knowl- 
dge  of  the  coefficient  of  elasticity.  His  method  of  observa- 
ion,  however,  is  little  adapted  to  mord  a  solution  of  the  ques- 
ion  here  under  consideration.  For  Wertheim  determined  the 
absolute  moduli  of  elasticity  by  means  of  the  dilatation  of  bars 
nd  wires  at  different  temperatures.  The  difficulties  besetting 
n  absolute  determination  of  the  variations  of  quantities 
imounting  in  all  to  only  about  1^™™  are  obvious.  They  were 
tspecially  serious  for  the  higher  temperatures,  since  the  imper- 
fect heating  apparatus  of  W  ertheim  could  not  be  kept  at  a  con- 
stant temperature  for  any  considerable  period  of  time,  and,  in 
jonsequence,  the  variations  in  length  due  to  the  fluctuations  of 
emperature,  inevitably  exercised  a  serious  influence  on  those 
arising  from  a  change  in  elasticity.  Wertheim  himself  desig- 
lated  these  investigations  as  not  rigorously  accurate.*  It  would 
inquestionably  have  been  more  rational  to  confine  the  absolute 
leterminations  to  ordinary  temperatures,  and  to  determine  the 
nfluence  of  the  temperature  by  means  of  other  methods  which 
lere  as  in  other  cases,  where  it  is  a  question  merely  of  varia- 
ions,  are  capable  of  a  much  greater  sensibility.  The  influence 
rf  the  fluctuations  of  the  temperature  on  the  length  of  the  ob- 
ect  will  always  occasion  serious  inconvenience  in  investigations 
m  dilatation. 

All  these  difficulties  disappear,  however,  and  at  the  same 
ime  the  most  accurate  method  of  observation  is  obtained,  by 
employing  for  investigation  the  torsion  elasticity,  whose  choice 
8  mrther  to  be  reconmiended  from  the  fact  that  torsion  is  so 
jenerally  employed  in  measurements.  If  a  wire  is  loaded  with 
t  weight,  and  set  in  vibration  about  its  vertical  axis,  the  recip- 
tx»l  value  of  the  square  of  the  time  of  vibration  affords  a  di- 
rect measure  for  the  coefficient  of  the  torsion  of  the  wire. 
Since  observations  of  the  period  of  vibration  are  among  the 
nost  accurate  known  in  physics,  the  variations  of  elasticity 
nay  be  thus  determined  with  all  the  rigor  desirable. 

1.  Apparatus  and  mode  of  chservatian, — The  following  disposi- 
ions  were  adopted  for  the  practical  application  of  this  metnod. 
See  fig.  in  about  yV  natural  size).  The  vibrating  body  consisted 
>f  a  cylindrical  leaden  weight  with  vertical  axis.  Above  it, 
attached  to  a  brass  rod,  is  a  mirror  for  the  purpose  of  observa- 
ion  with  telescope  and  scala     The  wire  is  clamped  at  each  end 

*  Ann.  de  Chimie,  3°»  8.,  T.  12,  p.  400  and  401. 
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betwoen  brass  plates,  of  which  tlie  lower  pair  could  be  onited 

to  the  weight  by  means  of  a  upsilon  rest,  and  the  upper  pair 

3,  in  like  manner  to  a  brass  rod  screwed  into  i 

wooden  pivot     The  latter  was  so  secured  in  a 

solid  support  fixed  to  the  wall  a£  to  be  capable 

[  of  rotation.     The  toraion  vibrations  were  com- 

municated  to  the  weight  by  revolving  the  pivrt 

by  means  of  a  lever,    {Omitted  in  the  %ure). 

The  space  within  which  are  enclosed  theirin 
and  a  very  considerable  length  of  the  connect- 
ing pieces  is  the  hollow  core  of  a  double  cylinder 
of  tin,  so  constructed  that  the  space  inclosed 
between  the  two  cylinders  could  be  heated 
For  the  determination  of  the  temperatore,  three 
J.  thermometers  were  prepared,  such  that  thequick- 

O  silver  reservoirs  are  at  different  distances  from 

T  the  zero  point    When  the  graduated  tubes  pro- 

'    -  ^  ject  from  the  apparatus  from  the  diviaioii  0°, 

the  quicksilver  reservoir  of  one  of  the  thermometera  is  at  t 
height  corresponding  to  the  middle  of  the  wire  and  close  beade 
it  The  other  two  quicksilver  reservoirs  are  at  each  end  of  the 
wire,  and  arranged  symmetrically  around  it  The  two  latta 
thermometers  alone  are  represented  in  the  figura  The  readingii 
were  made  by  means  of  a  telescope. 

The  tin  cylinder  was  tightly  inclosed  on  all  sides  with  a  cot- 
ering  of  felt  of  about  a  centimeter  in  thickness.  It  stood  upon 
a  support  attached  to  the  wall.  The  weight  and  mirror  were 
contained  in  a  box  closed  in  front  with  a  glass  slide.  These 
details  are  omitted  in  the  figure. 

It  was  originally  designed  to  fill  the  vessel  with  water  at 
different  temperatures,  but  a  simpler  method,  at  first  only  em- 
ployed to  test  wliat  results  might  be  expected,  proved  better 
adapted  to  the  end  in  view.  The  felt  envelop  rendens  the  loss 
of  heat  so  gradual,  that  the  empty  apparatus,  previously  heated 
with  steam,  cools  with  sufficient  slowness  to  permit  the  period 
of  vibration  at  different  temperatures  to  be  observed  with  accu- 
racy during  the  process.  Accordingly  the  apparatus  was  heat- 
ed for  a  series  of  observations  by  the  admission  of  steam,  until 
the  temperature  became  tolerably  stationary.  The  steam  con- 
nection was  then  interrupted,  and  the  temperature  and  vibra- 
tions alternately  observed.  Thus  the  variations  of  the  elasticity 
of  a  wire  for  different  temperatures  are  obtained  in  the  course 
of  a  few  hours.  This  simple  mode  of  procedure  affords  at  the 
same  time  the  advantage  of  leaving  the  apparatus  untouched 
from  the  beginning  to  the  end  of  a  series  oi  observations,  ex- 
cepting only  a  slight  turning  of  the  wooden  pivot,  when  the 
amplitude  of  the  vibrations  becomes  too  small     Several  dsjs 
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ere  required  for  hot  water  to  assume  the  temperature  of  the 
om,  and  it  is  not  advisable  to  compare  together  observations 
ade  at  long  intervals,  since  the  longer  the  interval  the  greater 
so  becomes  the  danger  that  the  conditions  of  the  observation 
lange  in  a  manner  to  exercise  on  the  period  of  vibration  an  in- 
lence  feeble  indeed,  yet  perhaps  sensible,  in  view  of  the  slight 
ctent  of  the  variations  under  consideration.  For  the  same  rea- 
►n  there  are  objections  to  employing  water  at  different  tempe- 
.tures,  since  its  renewal  is  scarcely  possible  without  jarring  the 
)paratus. 

2.  Reduction  of  the  observcUions.'^ln  the  calculation  of  the  data 
>tained  from  observations  made  with  ffradually  diminishimr 
mperatures,  certain  corrections  are  neceSy.  w4h  render  thi 
ductions  somewhat  complicated.  The  manner  in  which  the 
Jculation  was  conducted,  can  be  best  explained  by  means  of 
I  example  in  detail.  It  is  relative  to  a  copper  wire. 
Each  period  of  vibration  was  obtained  according  to  the  well 
aown  method  of  Quuss  from  two  times  of  elongation,  of  which 
ich  depended  in  this  case  on  six  observations  of  the  passage  of 
le  spider  line  through  the  Dosition  of  rest  These  times  of 
ongation  are  contained  in  the  first  colunm  of  Table  L  (See 
jlow).  In  the  second  colunm  is  contained  the  number  of 
brations  transpired  between  these  times;  in  the  third  the 
jriod  of  vibration  obtained  by  the  division  of  the  intervals  in 
Jumn  one,  by  the  numbers  in  colunm  two. 


Times  of 
elongation. 


Nnmber 

of 

Yibrationt. 


Table  1. 

Period  of 
vibration. 


Temperatnre 


Olweryed.      Correctiona.      Correoted. 


m 
54 
67 
1 
4 
12 
22 
31 
4i 
67 
17 
49 
22 
27 


29*93 
59-90 

8-60 
1708 
88-68 
43-50 
24-12 
64-73 
22-14 
24-78 

9-78 
15-65 
25-80 


10 

sec. 
20-9970 

9 

20-9667 

9 

20-9422 

24 

20-9000 

29 

20-8558 

25 

20-8248 

39 

20-7849 

36 

20-7614 

58 

20-7352 

92 

20-7065 

96 

20-6861 

15 

20-6767 

79-4 
75-2 
71-8 
66-4 
58-8 
52-7 
46-7 
41-3 
36-4 
31-2 
270 
26-2 


—3-06 
-2-95 
—2-83 
-2-61 
-2-28 
-2-04 
-1-78 
-1-56 
—  1-36 
-1-15 
-100 
-0-92 


76-34 
72-26 
68-97 
63-79 
56-52 
60-66 
44-92 
89-74 
35-04 
30-06 
2600 
24-28 


The  temperatures,  column  4,  corresponding  to  the  several 
iriods  of  vibration,  were  obtained  by  a  graphical  representa- 
m  of  all  the  observed  temperatures.  The  arithmetical  mean 
18  first  taken  of  each  three  simultaneous  readings  of  the  ther- 
Dmeters,  and  then  traced  on  coordinate  paper,  with  the  time 
its  observation  as  abscissa.  The  temperature  for  any  mo- 
3nt  can  then  be  obtained  from  the  curve,  with  an  accuracv  of 
out  0  '2  for  the  higher  and  about  0°*1  for  the  lower  tempera- 
The  numbers  in  the  4th  column  are  these  mean  temper- 
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atures  for  the  several  periods  of  vibration,  L  a  they  give  the 
reading  of  the  thermometers  for  the  mean  moment  between  die 
beginning  and  end  elongation.  When  the  interval  of  time  is  ao 
considerable  that  the  corresponding  curve  cannot  be  regarded  ai 
a  straight  line,  the  temperature  r  would  be  thus  obtained  some- 
what too  low.  To  determine  the  true  value,  the  arithmetical 
mean  x^  was  taken  &om  the  temperatures  which  correspond  to 
the  beginning  and  end  time  of  elongation.  The  correct  tempe- 
rature is  then  t4-  ""7    . 

Correction  of  the  readings  of  the  thermomelers. — The  numben 
in  the  4th  column  give  the  true  temperature  of  the  wire  on 
condition,  1st,  that  the  thermometers  are  accurate;  2d,  that 
their  temperature  for  each  instant  is  the  same  as  that  of  the 
space  in  which  they  hang.  The  heavier  connecting  pieces  at- 
tached to  each  extremity  of  the  wire  extend  so  fiu-  within  the 
heated  space  that  the  diflference  of  temperature  which  might 
result  in  the  wire  from  conduction  may  be  neglected.  It  may 
be  assumed,  therefore,  that  the  very  fine  wire  follows  sensibly 
the  temperature  of  the  space  within  which  it  is  suspendeo. 
Since  finally  the  readings  of  the  upper  and  lower  thermome- 
ters differed  from  tiie  mean  of  all  three  in  the  highest  tempeia- 
tures  only  some  2^*5,  the  mean  can  be  r^arded  as  the  tempera- 
ture  of  tte  wire,  without  sensible  error  ^ 

The  above  two  conditions,  however,  must  be  fulfilled,  or 
since  they  are  not  fulfilled,  the  readings  must  be  corrected. 

1.  The  three  thermometers  were  therefore  first  calibred,  and 
their  fixed  points  determined.  Thence  tables  were  constructed 
containing  the  corrections  with  regard  to  a  quicksilver  the^ 
mometer  theoretically  accurate.  The  three  tables  united  in 
one,  permit  then  to  apply  the  correction  directly  to  the  mean 
value  of  the  three  reaaings. 

2.  Secondly,  in  consequence  of  the  considerable  mass  of 
quicksilver,  the  thermometers  do  not  follow  the  temperature  of 
the  space  so  completely  as  can  be  assumed  of  the  fine  wire. 
Now  according  to  well  known  laws,  the  amount  of  heat  lost  by 
a  body,  and  consequently  therefore  also  the  variation  of  its 
temperature,  is  proportional  to  the  difference  of  its  temperature 
and  that  of  the  surrounding  space.  Since  in  the  present  case, 
the  velocity  of  the  variation  of  temperature  of  the  thermome- 
ters is  known  for  each  moment,  it  is  only  necessary  to  deter- 
mine once  for  all  the  relation  of  the  true  temperature  to  that 
indicated  by  the  thermometers,  to  be  able  to  c^culate  the  dif 
ference,  i.  e.  the  correction  of  the  readings.  For  this  determi- 
nation a  very  delicate  thermometer  was  employed,  whose  cylin- 
drical quicksilver  reservoir  possessed  a  diameter  of  only  some 
8""",  and  contained  in  all  less  than  1*5  gr.  of  quicksilver.    It 
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was  assumed  that  this  thermometer  follows  the  gradually  dimin- 
ishing temperature  of  the  air  to  within  a  ne^igable  fraction, 
and  me  three  thermometers  were  compared  with  it,  under  con- 
ditions similar  to  those  existing  in  the  observations  on  elasticity. 
All  three  thermometers  were  disposed  at  an  equal  height  with 
the  thermometer  of  comparison,  in  the  gradually  diminishing 
temperature  of  the  hollow  space  of  the  tin  cylinder,  and  simul- 
taneous readings  were  made.  They  were  al^  compared  togeth- 
er in  the  ordinary  manner  in  water  of  different  temperatures. 
From  these  observations,  which  were  conducted  by  Mr.  Grotri- 
an,  it  resulted  that  the  mean  of  the  readings  of  the  three  ther- 
mometers remained  2*^*02  behind  the  temperature  of  the  ther- 
mometer of  comparison,  when  the  velocitv  of  the  diminishing 
temperature  amounted  to  1®  in  I  min.  The  correction  of  the 
reaoings  due  to  the  mass  of  quicksilver  is  therefore 

dr 

where  T  denotes  the  temperature  of  the  thermometers,  and  t  the 
time  expressed  in  minutes.  We  obtain  thus  the  temperatures 
which  would  have  been  observed,  if  thermometers  had  been 
employed  containing  the  same  amount  of  quicksilver  as  the 
thermometer  here  employed  for  comparison. 

8.  Finally  a  third  correction  is  necessitated  by  the  fact  that 
the  column  of  quicksilver  of  the  thermometers,  beginning  with 
the  zero  point  of  graduation,  possessed  a  lower  temperature  in 
consequence  of  projecting  outside  of  the  apparatus.  There  ex- 
ists as  yet  no  simple  method  of  determining  the  mean  tempera- 
ture or  the  projecting  column.  It  was  assumed  to  have  pos- 
sessed the  temperature  of  the  air  to  the  extent  of  three  parts, 
and  that  of  the  interior  of  the  apparatus  one  part  If  t^  de- 
notes the  temperature  of  the  room,  the  correction  of  the  read- 
ing t  ia  therefore  _|t(t- r  J  0,00016. 

This  value  cannot  be  far  removed  from  the  trutL  It  coincides 
with  the  difference  which  the  determination  of  the  boiling  point 
afforded,  according  as  the  thermometers  were  placed  in  the 
steam  only  to  the  zero  point  of  graduation,  or  to  the  boiling 
point  The  uncertainty  of  this  assimiption  is  at  all  events  of 
small  importance,  since  the  whole  correction  for  the  highest 
temperature  (90°)  amounts  only  to  0°*8. 

Tnus,  three  corrections  are  to  be  applied  to  the  reading  of 
the  thermometers.  The  first,  whicn  relates  to  the  ordinary 
errors,  is  a  function  of  the  temperature ;  the  second,  in  conse- 
quence of  the  mass  of  the  quicksilver,  is  a  ftinction  of  the 
velocity  of  the  diminution  of  the  temperature ;  the  third,  final- 
ly, in  consequence  of  the  column  of  quicksilver  projecting  from 

e  apparatus,  depends  on  the  difference  of  the  outer  and  inner 


th 
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temperatures.  Nearly  the  same  conditions  prevailed,  howevar, 
dnnng  all  the  series  of  observations.  The  temperature  of  the 
room  differed  from  the  mean  at  most  5°,  and  consecnientlj 
the  velocity  of  the  diminution  of  the  temperature  of  the  ap- 
paratus depends,  within  negligable  differences,  on  the  inner 
temperature  alone,  aH  is  confirmed  indeed  by  the  observations 
themselvea  Thus  the  true  velocity  of  the  diminution  for 
different  temperatures  could  be  determined  from  a  few  serieB 
of  observations,  whence  by  multiplication  with  2*02,  (see  pt 
365)  the  correction  itself  is  obtained  as  function  of  the  temper- 
atura 

In  like  manner,  for  the  calculation  of  the  third  correction  in 
the  formula  (p.  355),  it  was  permissible  to  take  t^=20**  as  a 
mean  for  all  tne  observations. 

The  corrections  may  now  be  very  much  simplified  by  uniting 
all  three  in  tabular  form,  viz :  for  reading, 

0**         10**         20'         80'*        40**         60**        60'         10'         80*       W 

the  correction  is 

O'^-O*    -0°-4     -0^-7     -V'l     -1^-6     -l''-9     -2"*-3     -2*'-8      -3*-l     -Z''t 

The  interpolation  for  intermediate  temperatures  waa  accom- 

filished  by  means  of  a  graphical  representation  of  this  tabla 
n  one  case,  however,  when  the  apparatus  was  filled  with  water, 
and  the  velocity  of  refrigeration  could  be  neglected,  the  cor- 
rections 1  and  3  were  applied  separately. 

Correction  of  the  observed  periods  of  vibration. — 1.  In  the  pres- 
ent investigations  we  are  seeking  the  variations  of  the  modulus 
of  elasticity  caused  by  a  change  of  temperature,  whereas  we 
observe  the  directive  force  of  the  whole  wire,  which,  in  conse- 
quence of  the  heating,  experiences  a  dilatation,as  well  as  a 
change  in  its  elasticity.  Smce  this  directive  force  of  the  wire 
depends  on  the  length  and  section  as  well  as  on  the  modulus  of 
elasticity,  it  is  necessary  to  investigate  what  corrections  are 
thereby  necessitated. 

It  is  an  interesting  fact  that  no  correction  at  all  is  necessary. 
The  dilatation  in  length  and  breadth  completely  neutralize 
each  other. 

If  we  denote  by 

I    the  length  of  the  wire, 

r    the  radius, 

m  the  mass  of  the  unity  of  length, 

K  the  moment  of  inertia  of  the  vibrating  weight, 

t     the  time  of  vibration, 

*  It  is  merely  an  accidental  coincidence,  that  there  is  no  oorrection  to  be  ap- 
plied to  the  reading  o".  The  mean  of  the  zero  points  of  the  three  thermometers 
happens  to  be  perfectly  accurate. 
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directive  force  of  the  wire,  L  e.  the  moment  of  reyolution 

180° 
hich  it  exercises  for  a  torsion  ancrle  of  z=  5 7° '296. 

modulus  of  torsion  of  the  substance  constituting  the  wire, 

D=-K 

7  denotes  the  acceleration  due  to  gravity,  and  «  is  the 
r,  the  quintuple  of  which  (according  to  the  theory  of 
1,  L  a  when  the  ratio  of  the  transversal  contraction  to 
gitudinal  dilatation  is  =  J)  multiplied  by  g  gives  the 
of  the  velocity  of  sound  in  the  substance. 
5n  now  in  consequence  of  a  change  of  temperature,  the 
ty  and  dimensions  of  the  wire  vary,  the  time  of  vibra- 
hanges  also.  If  we  denote  the  variations  of  «,  Z,  m,  r 
)ccurring  for  a  small  change  of  temperature,  by  d  e,  df  ?, 
r  and  d  t,  we  obtain  by  dinerentiating  (1)  logarithmically, 
de  __  dl  dm  2dr  2dt 
fi  ""    /         m  r  t    ' 

the  supposition  that  the  wire  experiences  an  equal  dila- 

n  all  directions  on  account  of  the  temperature  —  =  — . 

nee  m  denotes  the  mass  of  the  unity  of  length,  obviously 

dm  dl dr  ^ 

m         /         r  * 

)re  —  =—  2-— .  (2) 

modulus  of  torsion  «  is  therefore  without  correction  re- 
Uy  proportional  to  the  square  of  the  time  of  vibration, 
definition  of  the  modulus  of  elasticity  assumed  here  as 
denotes,  with  regard  to  the  dilatation,  the  weight  which, 
e  suspended  to  a  wire,  whose  unity  of  length  is  the  same 
inity  of  its  mass,  to  double  the  length.  In  practice  it  is 
ary,  though  frequently  less  convenient,  to  employ  the 
instead  oi  the  weight  of  the  unity  of  length.  In  such 
le  above  expression  (1)  must  be  multiplied  further  by 
isity  of  the  substance,  and  the  coefficient  of  the  cubical 
on  3o  must  be  subtracted  from  formula  (2),  so  that 

de  _       2dt 

8  t 

•  m.l=(m+dm)(l+«I2) 

dm_     dl 
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2.  A  small  correction  is  necessary  when  the  moment  of  iner- 
tia of  the  vibrating  weight  changes  in  consequence  of  fiactQ&- 
tions  in  the  temperatura  In  general  it  is  inconsiderable  in  the 
same  series  of  ooservations.  The  temperature  in  the  box  con- 
taining the  vibrating  weight  was  observed  fix)m  time  to  time, 
and  the  period  of  vibration  corrected  when  changes  of  tempe- 
rature occurred.  This  was  accomplished  by  multiplying  the 
observed  time  of  vibration  by  1- 0,00008.  A »,  where  0,00008 
denotes  the  coefficient  of  the  linear  dilatation  of  lead,  and  A^ 
the  variation  of  temperatura 

8.  Theoretically  the  time  of  torsional  vibrations  should  be 
independent  of  the  amplituda  In  &ct  in  the  present  observa- 
tions on  the  brass  wire,  no  influence  was  perceptibla  The  iron 
wire,  hereafter  to  be  discussed,  was  especially  investigated  with 
respect  to  such  an  influence,  however,  and  showed  a  manifest, 
though  very  small,  increase  of  the  time  of  vibration  for  an  in- 
crement of  amplituda  The  increase  appeared  to  be  propor- 
tional to  the  latter,  and  on  this  supposition  amounted  to 
0'000087"*®*  or  j^^^^s  of  the  whole  time  for  one  division  of 
the  scale  (i^^V^  to  one  degree  of  arc).  A  series  of  observations 
on  the  copper  wire  were  mcidentally  of  a  nature  to  afford  the 
means  of  calculating  the  increase  approximately.  It  amounted 
to  O'OOOOIS***-  for  one  division  of  the  scala  The  times  of 
vibration  were  reduced  by  means  of  these  numbers  to  an  infi- 
nitely small  amplituda 

Although  it  would  be  of  interest  to  examine  this  phenome- 
non more  minutely,  it  hardly  enters  within  the  scope  of  the 
object  in  view  in  these  observations.  For  in  consequence  of 
the  inconsiderable  amplitudes  which  we  employed  (at  most  200 
divisions  of  the  scale,  or  some  8°)  the  correction  in  extreme 
cases  amounted  only  to  0'005****,  and  it  is  almost  oompletelj 
compensated  in  its  influence  on  the  final  result 

8.  Calculation  of  the  coefficient  of  temperahireL — ^We  have  thru 
far  obtained  a  series  of  temperatures  with  the  correspondiDg 
times  of  vibration.  From  each  two  pairs  of  corresponding 
values  may  be  readily  derived  the  variation  of  the  elasticity  for 
1°.  We  express  it  as  a  function  of  the  total  elasticity  at  0**. 
If  e^  designates  the  modulus  of  elasticity  at  0®,  and  «,,  «3,  the 
moduli  corresponding  to  the  temperatures  »,,*,,  the  desired  de- 
crease for  I*'  IS  found  from  formula  (1)  to  be 

,  1      1 

where  t^  and  t^  designate  the  times  of  vibration  for  the  tempe- 
ratures T^  and  T^,  and  their  squares  are  inversely  proportional 
to  the  modulus  of  elasticity. 
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The  following  Table  2  contains  in  the  second  column  the  pre- 
ceding diminutions  of  the  modulus  of  elasticity  for  1°  taken 
firom  Table  1,  by  combining  in  it  each  two  adjoining  values. 
The  time  of  vibration  t^  for  O*'  was  obtained  from  the  graphi- 
cal representation  of  the  observations  by  prolongation  of  the 
curve,  a  method  which  affords  sufficient  accuracy,  Thus  it  was 
found  that  t^ =20*68  sec.  In  the  first  column  is  contained  the 
mean  of  the  two  temperatures  at  which  the  times  of  vibration 
were  observed. 


Tabi^  2. 

DeereMe  of  the  oo«fficieot  of  elastlcltv 
tor  1*  M  ftme.  of  the  coeff.  of  elast.  «t  (P. 

Temperstnre. 

Obsenred. 

CelCQleted. 

Obeerr^— Calc. 

74*^ 

0,00068 

0,00068 

dtO,00000 

71 

60 

67 

+             2 

66 

75 

65 

10 

60 

56 

62 

6 

54 

50 

60 

-           10 

48 

65 

57 

+             8 

42 

43 

55 

-           12 

37 

53 

53 

±            0 

33 

55 

51 

+            4 

28 

48 

40 

— .            1 

26 

0,00052 

0,00047 

-f0,00005 

The  numbers  of  the  second  column  can  be  regarded  as  the 

1    dB 
values  of  —  —  ^  for  the  temperature  »  of  the  first  column.   It 

will  be  observed  that  this  mode  of  observation  affords  the  de- 
crease of  the  modulus  of  elasticity  for  I*'  with  tolerable  accu- 
racy, even  for  the  times  of  vibration  for  two  temperatures  dif- 
fenng  only  by  a  few  degrees.  (The  greatest  difference  is  7**, 
the  smallest  2^).  This  decrease  for  the  brass  wire  is  noticeably 
greater  for  the  higher  temperatures  than  for  the  lower. 

The  numerical  law  of  the  variation  is  to  be  derived  from  all 
the  observations.     We  seek  to  represent  it  by  the  formula 

fi=«o  (1— ax— ftT«). 

It  would  obviously  be  more  in  accordance  with  the  laws  of  the 
calculus  ef  errors  to  determine  the  values  of  the  coefficients  «„ 
a  and  b  by  means  of  least  squares  from  all  the  observed  values 

of «  or  Tjf  for  all  temperatures.     This  would  prove,  however, 

when  applied  to  all  the  series  of  observations,  excessively  labo- 
rious, li  would  be  hazardous  to  unite  previously  together  idl 
the  observations  made  on  the  same  wire,  since  the  time  of  vibra- 
tion for  the  same  temperature  appears  to  be  subject  to  slight 
variations  from  one  day  to  another,  probably  in  consequence  of 
the  considerable  heating  to  which  the  wire  is  subjectea 


860      Kohlrausek  and  Loomis — Injhience  of  Temperature 


By  differentiating  the  above  equation  we  obtain 

1     dB 


«o    ^^ 


=  a4-2ftT. 


The  left  hand  expression  denotes  the  values  contained  in  the 
second  column  of  Table  2.  If  therefore  we  substitute  these 
values  in  the  above  equation,  the  coefficients  a  and  h  can  be 
readily  calculated. 

By  means  of  least  squares  there  results  for  the  brass  wire 

a=0,000368  25=0,00000426 

by  means  of  which  the  figures  in  the  third  column  were  calcn- 
lated.  In  view  of  the  small  differences  of  temperature  the 
accordance  must  be  regarded  as  satisfactory.  It  appears  still 
more  manifest  when  the  time  of  vibration  itself  is  calculated 
Since  a  and  h  are  known,  the  most  probable  value  of  the  time 
of  vibration  for  O*'  may  also  be  readily  determined  by  means  of 
least  squares.     The  calculation  gives  t^  =  20'5696*^ 

The  times  of  vibration  calculated  from  this  value  of  l„  to- 

f  ether  with  the  times  observed,  are  given  in  the  following  Ta- 
le 8.  The  difference  between  the  observed  and  calculated 
values  of  the  times  of  vibration  amo\ints  at  most  to  ji^  of  a 
second,  and  indicates  siifficientlv  the  admissibility  of  me  sim- 
plified method  of  reduction,  although  the  regularity  in  the  sign 
of  the  differences  would  seem  to  indicate  that  the  rigorous 
method  would  afford  a  still  greater  accordance. 


Tablk  3. 

Times  of  yibpation- 

Temperature. 

Observed. 

Calculated.             Obsenr.— GateuL 

76°-34 

20--9970 

20"-9986                  - 

-o'-ooie 

V2-26 

20-9667 

20-9680 

-0-0018 

68-97 

20-9422 

20-9443 

-0-0021 

63-79 

20-9000 

20-9078 

-0-0078 

66-52 

20-8669 

20-8592 

-0-0088 

60*66 

20-8248 

20-8218                    +0-0030 

44-92 

20-7849 

20-7869 

-0,-0020 

39-74 

20-7614 

20-7669 

.0-0046 

86-04 

20-7352 

20-7309 

-0-0048 

3005 

20-7065 

20-7041 

-0-0024 

26-00 

20-6861 

20-6837 

-0-0024 

24-28 

20-6767 

20-6761 

-0-0016 

4.  Temperature  and  modulus  of  eUisticity  of  iron^  ooppok  and 
brass. — The  method  of  observation  and  reduction,  already  de- 
scribed and  applied  to  an  example,  was  employed  for  wires  of 
iron,  of  copper  and  of  brass.  AH  three  wires  were  hard  drawn 
and  of  a  ammeter  between  0-2  and  0-8"™.  The  copper  wire 
was  composed  of  copper  precipitated  electroly  ticaUy.     The  iron 
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and  brass  wires  are  the  ordinary  wires  of  commerce  wound  on 
spools. 

To  abbreviate  the  calculation,  the  times  of  vibration  and  the 
temperatures  of  each  series  of  observations  are  united  first  in 
groups  by  taking  the  mean,  and  especial  care  was  taken  to 
allow  about  the  same  weight  to  all  the  several  coefficients  to  be 
derived.  The  observed  data  corrected  according  to  the  rules 
of  chapter  2,  are  contained  in  the  following  Table  4,  in  which 
the  Boman  characters  denote  the  chronological  succession  of 
the  several  series  of  observations. 


Table  4. 

Iron. 

Brass. 

Copper. 

I 

Temp. 

Time  of 
Vibratloii. 

I 

Temp. 

Time  of 
Vibration. 

I 

Temp. 

Time  of 
Vibration. 

76*^34 

8. 
17-6164 

eo'^-oi 

8. 
20.9412 

74*'-06 

8. 
12-4444 

66-87 

17-6282 

47-96 
28-86 

20.8067 
20.7012 

47-96 
66-20 

12-3476 
12-3696 

n 

76-66 

17-6950 

40  80 

12-3221 

66-76 

17-6087 

n 

72-14 

20.9106 

24-04 

12-2667 

42-42 

17-4653 

48-78 

20.7600 

32-11 

17-4160 

II 

62-60 

12-3862 

21-91 

17-3679 

ni 

70-28 
49-11 

20-8694 
20-7868 

22-06 

12-2466 

in 

78-73 

17-6920 

36-24 

20-6669 

in 

77-27 

12.4303 

69-72 

17-6130 

27-23 

20-6193 

6616 

12-3646 

20-97 

17-3683 

40-79 

12-3028 

IV 

60-06 

20-7333 

23-37 

12-2413 

IV 

49-67 
37-80 
21-96 

17-4716 
17-4279 
17-3627 

V 

42-81 
34-69 

19-43 
6-06 

20-6916 
20-6426 

20-6428 
20-4737 

The  following  Table  5,  in  which  the  numbers  are  arranged 
aecording  to  the  temperatures,  is  obtained  by  reducing  the 
values  contained  in  Table  4  in  the  same  manner  as  those  of 
Table  2  of  the  exampla 

The  coefficients  a  and  h  are  derived  by  means  of  least  squares 
firom  the  values  contained  in  the  third  and  fourth  columns  of 
Table  5,  as  in  the  example.  Designating  by  e^  the  modulus  of 
elasticity  at  0°,  the  modulus  for  the  temperature  t  is  found  to  be 

for  iron,  e  =  c^Cl  —  0-000447t  -  000000012r«) 

for  copper,         e  =  e^ (1  —  0-000520r— 0-00000028x2) 
for  brass,  «  =  eo(l  -  0000428t  —  0-000001 80ia) 

The  numbers  of  the  next  to  the  last  column  of  Table  5  were 
calculated  with  these  values.  The  probable  error  of  each  value 
of  the  decrease  of  the  coefficient  of  elasticity  for  1°  for  a  given 
temperature  calculated  from  two  groups  of  observations  amounts 
accordingly  to  zfc  0-000014. 

AJC  JouB.  Sol— SscoKD  Sbbiks,  Vol.  L,  No.  160.— Nov.,  1870. 
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Table  6. 


DecreftM  of  the  eoeff. 
of  elMtlo.  for  ui  taicr. 
of  temp,  of  1*  M  tone. 
of  tbecoeff  of  elMt.  at 

©•. 
Obeenred.      Calcnl. 

IV 

Temp. 

ObMrr.  —  CaL 

Iron. 

29''-9 

0000467  0*000464 

+  0-000018 

n 

32*2 

482 

466 

+             27 

m 

40-3 

460 

467 

-            07 

IV 

43-7 

416 

468 

-            42 

n 

48-9 

446 

468 

—             13 

n 

661 

469 

463 

—             04 

I 

66-6 

494 

463 

+             31 

III 

66-9 

469 

464 

-            06 

Copper. 

III 

321 

0000666 

0*000638 

+  0-000028 

I 

32-4 

628 

638 

—            10 

II 

42-3 

642 

644 

-           02   : 

I 

480 

621 

647 

26    1 

NT 

48-6 

631 

647 

-             16    1 

I 

61-0 

678 

664 

+             24    ' 

III 

66-7 

666 

667 

01   . 

Brass. 

V 

12-2 

0000466 

0*000461 

+  0*000006 

m 

31-7 

604 

614 

-             10 

I 

38  4 

623 

632 

-             09 

IV 

38-7 

670 

633 

+             87 

111 

42-7 

614 

644 

—             80 

IV 

46-4 

666 

664 

+             OS 

I 

68-5 

693 

687 

+             06 

in 

59-7 

684 

690 

-             06 

II 

60-6 

699 

692 

+             07 

K  the  other  definition  of  the  modulus  of  elasticity  is  on- 
ployed  (as  was  done  by  Wertheim)  referring  to  the  section,  and 
not,  as  above,  to  the  mass  of  the  unity  of  the  length  of  the 
wire,  the  coefficients  of  the  temperature  will  be  slightly  altered 
in  accordance  with  the  observation  on  page  857.  If  the  coeffi- 
cients of  dilatation  for  1°  are  assumed  to  be  for  iron  =0000012; 
for  copper  =  0-0000176 ;  and  for  brass  =  0*000019,  the  coeffi- 
cients of  T  become, 

for  iron,  0*000483, 

for  copper,  0-000672, 

for  brass,  0000486. 

The  coefficients  of  the  quadratic  terms  remain  sensibly  un- 
changed. 

It  is  evident  from  the  results  of  these  observations  that  the 
mean  variation  of  the  elasticity  for  the  three  metals  investigated 
differs  but  little  irom  that  of  the  temperature.  For  a  change 
of  temperature  from  O*'  to  100°  the  diminution  is  for 

Iron,  4*6  and  5*0  per  cent. 

Copper,        6-5    "     6*0        " 
Brass,  5-0    "    0-2        " 
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where  the  numbers  of  the  second  column  relate  to  the  second 
definition  of  the  modulus  of  elasticity. 

If  the  variation  in  elasticity  is  compared  with  the  influence 
exercised  by  the  temperature  on  other  properties  of  bodies  it 
will  be  remarked  that  it  is  much  greater  than  the  cubical  dila- 
tation as  well  as  the  variations  of  refraction.  It  is  of  about 
flie  same  order  as  the  variation  of  the  permanent  magnetism 
caused  by  the  temperature,  as  well  as  that  of  specific  heat  The 
increase  of  the  galvanic  resistance  on  the  other  hand  is  much 
greater. 

It  results  further  from  the  sign  of  the  quadratic  term  that 
the  variation  of  elasticity  for  all  three  metals  is  the  most  rapid 
in  the  higher  temperatures  While,  however,  the  increase  for 
iron  is  almost  imperceptible,  and  is  also  very  small  for  copper, 
it  is  quite  considerable  for  brass.     The  decrease  for  1°  is  for 

At  o«.  At  60°.  At  100". 

Iron,  0-0447         00469         00472  per  cent. 

Copper,         0-0620         0-0648         0-0576       " 
Brass,  0-0428         0-0664         0-0699       " 

It  will  be  observed  that  the  diflFerences  in  the  variation  of 
the  coefficient  of  elasticity  for  the  three  metals  investigated, 
are  in  the  order  of  the  height  of  their  melting  points 

The  results  of  these  investigations  show  no  trace  at  all  of 
the  remarkable  phenomenon  of  a  maximum,  alluded  to  at  the 
beginning  of  this  article,  which  would  seem  to  be  indicated  for 
iron  by  the  investigations  of  Wertheim.  If,  therefore,  diiferent 
varieties  of  iron  do  not  manifest  a  totally  different  behavior,  or 
if  the  modulus  of  the  longitudinal  elasticity  does  not  undergo 
a  very  different  change  m  consequence  of  temperature  from 
that  of  the  torsional  elasticity,  this  anomaly  must  be  accounted 
for  by  the  imperfect  method  of  observation  employed  by  Wer- 
theim. This  supposition  is  confirmed  further  by  the  observa- 
tions of  Kupffer  (see  below),  as  well  as  by  a  verv  simple  experi- 
ment If,  namely,  two  tuning  forks  are  in  vibration,  and  one 
of  them  is  heated,  the  number  of  vibrations  changes  in  the 
manner  demanded  by  the  assumption  of  a  decrease  or  elasticity 
for  increasing  temperatures. 

It  is  to  be  remarked  here  that  Wertheim's  calculation  of  the 
heat  generated  by  condensation  during  vibration,  loses  thus  all 
its  value.* 

Observations  of  Kupffer.-f — These  investigations  appear  to 
be  much  less  generally  known  than  they  deserve,  for  they 
contain  much  varied  and  valuable  material  for  practical  use. 
Kupffer's  observations  are  in  general  on  bars  vibrating  trans- 

•  Pogg.  Ann.,  Bd.  11,  S.  32. 

f  Mem.  de  TAcad.  de  St  Peterab.  1856,  6  ser.  T.  yi,  p.  400. 


864      K6hlrau9ch  and  Loomia — Injluence  of  Temperature 

versally  at  the  temperatures  of  about  —10®,  +15°  and  +80*. 
Unfortunately,  however,  very  long  intervals  (at  least  a  year] 
occur  between  the  observations,  and  it  would  seem  that  he  m. 
not  always  employ  the  same  bars,  so  that  his  investigations 
permit  but  a  limited  conclusion  in  regard  to  the  law  of  the 
variations  of  elasticity  as  modified  by  temperature.  Finally,  the 
dilatation  caused  by  temperature  was  disregarded  in  the  nu- 
merical values  ffiven  by  KupflFer,  a  source  of  serious  errors  in 
view  of  the  method  of  observation  which  was  employed. 

A  few  of  the  results  derived  by  Kupffer  were  obtained  hj 
means  of  torsional  vibrations.  Among  these  are  the  coeffi- 
cients of  temperature  for  the  elasticity  of  an  iron  wire  (piano 
cord),  of  a  copper  wire  and  of  a  brass  wire.  After  having 
applied  to  these  values  the  correction  required  for  the  dilatation 
of  the  vibrating  disc,  the  decrease  of  the  elasticity  for  1°  ex- 
pressed in  parts  of  the  total  elasticity  is  found  to  be 

("  mem."  S.  446) 
S.  464 
(  S.  467) 

These  values  agree  tolerably  well  with  those  found  by  us,  with 
the  exception  of  the  copper  wire,  in  regard  to  which  it  is  pos- 
sible that  the  divergence  may  be  caused  by  the  circumstaDce 
that  we  employed  a  chemically  pure  metal 

5.  The  absolute  moduli  of  elasticity  of  the  iron,  copper  and  brm 
wires  calculated  from  torsional  vibrations  and  from  the  velociiy  cf 
sound. 

To  determine  from  our  investigations  the  absolute  moduli  of 
torsional  elasticity,  it  is  necessary  to  know  the  dimensions  and 
mass  of  the  wires,  as  well  as  the  moment  of  inertia  of  the  vi- 
brating weight 

The  latter  is  to  be  calculated  fk)m  the  mass  of  the  perforated 
lead  cylinder  =1818  grs.  and  the  interior  radius  =0*84  a  m.  and 
the  exterior  radius  =5*07  c.  m.     It  is  found  to  be 


for    iron, 

0-00066 

"     copper, 

0-00082 

"    brass, 

000039 

1818/ 


(5^*+  0^')=  23470  grs.  n  c  m. 


2 

To  this  must  be  added  the  moment  of  inertia  =  40  grs.  nam 
of  the  connecting  pieces  and  the  mirror,  which  was  calculated 
from  their  size  and  form.  The  total  moment  of  inertia  tiere- 
fore  is  K= 28510  grs.  D  c.  m. 

Further  was  determined 

Iron.  Copper.  Brass. 

The  length  of  the  wire,  /=20-80  20*76       20*80  a  m. 

The  mass  of  one  c.  m.  length,    mzzO-00301  0*00665  0*00403  gm 

The  density,  Az=7-82  900         8*41 

The  time  of  vibration  at  20°,       ^z=17*35  12*23       20*66  sec 

The  radius  of  the  wire,  r=0*0111  0*0162     0*0123  cm. 
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The  modulus  of  torsion  T  is  derived  from  these  data  by 
means  of  the  formula,  p.  357, 

g     mr^t* ' 
It  is  found  to  be 

for  iron     =444  kilometers. 
"     copper=217  " 

"    brass    =190         " 

If  it  is  desired  to  follow  the  definition  customaiy  in  practice, 
and  to  refer  the  modulus  to  the  section  instead  oi  to  tne  mass 
of  the  unity  of  length,  these  numbers  must  be  multiplied  by 
the  corresponding  densities ;  whereby  they  become 

for    iron,  8470  ?^«rammei»^ 


qOAdratmillimeter. 

"    copper,  1960  " 

"    brass,  1600  " 

The  velocity  of  sound  was  measured  in  the  same  species  of 
wires  by  stretching  them  in  a  Weber's  monochord,  and  oy  vary- 
ing the  length,  comparing  the  longitudinal  tone  with  tuning 
forks.  The  normal  tone  of  the  set  of  tuning  forks  was  deter- 
mined by  comparison  with  two  normal  tuning  forks  of  Appunn. 

The  modulus  of  dilatation  of  the  wire  (L  a  the  length  of  a 

wire  of  the  same  species  possessing  the  weight  necessary  to 

double  the  original  length),  is  obtained  from  the  velocity  of 

c^ 
sound  c  by  means  of  the  formula  A=— ,  where  g  denotes  the 

if 

acceleration  due  to  gravity.  The  value  A'  ordinarily  employed 
in  practice,  and  made  use  of  by  Wertheim,  (i  a,  the  weight 
which  hung  on  a  wire  whose  section  is  unity  would  double  the 
length),  is  obtained  as  above  by  multiplication  with  the  density. 
Thus  it  was  found 

Velocity  of  sound.  Modulus  of  elastidty. 

A.  A'. 

Iron,  6060  meters.  2580  kilometers.         20310  ^ ^m^ 

Copper,         3640       "  1360  "  12140       " 

Brass,  3380       "  1170  "  9810       " 

Wertheim  gives  A'  for   iron  wire  =19445,   copper  =12586, 

brass  =9000  ^^. 

According  to  these  observations,  the  moduli  of  torsion  bear 
to  the  moduli  of  dilatation,  for  all  three  wires  very  nearly  the 

same  ratio.     The  ratio  y=r  is 

for  iron,  6*86 

"     copper,   .       6-23 
"    brass,  6*16 

Mean,  0-07 
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The  deviations  of  these  values  from  the  mean  are  perhaps  due 
to  errors  of  observatioa,  especially  in  the  determination  of  the 
densities,  since  in  order  to  be  sure  of  investigatiDg  the  same 
material  as  in  the  original  experiments,  but  small  masses  could 
be  employed.  It  is  possible  too  that  the  deviation  of  the  mean 
from  trie  whole  number  6,  is  to  be  sought  in  these  errors. 

Without  entering  on  a  more  extended  investigation  of  this 
point,  and  without  discussion  as  to  whether  the  customaij 
theory  of  elasticity  is  applicable  to  such  thin  wires,  or  whether 
the  lack  of  isotropy,  or  the  relations  of  superficies,  forbid  this 
application,  it  may  be  remarked  that  according  to  the  theory 

where  ^  denotes  the  ratio  of  the  transversal  contraction  to  the 
longitudinal  dilatation.  By  a  comparison  of  the  torsional  and 
longitudinal  vibrations,  there  would  result  accordingly  for  our 
three  wires  very  nearly  the  same  value  for  fi.  If  it  is  assumed 
that  4(l+iw)=6  there  results  fi=i.  This  is  the  extreme  value 
permitted  by  the  theory,  which  would  correspond  to  a  volume 
unchanged  by  dilatation. 

It  may  suffice  to  have  indicated  the  &ct  It  would  lead  m 
too  far  from  the  chief  object  of  our  investigation  to  develope 
the  subject  more  in  detail 


Art.  XXXVIIL — On  Vie  Oxy- Calcium  Light  as  applied  to  Photo- 
Micrography  ;  by  Lieut  CoL  J.  J.  Woodward,  Assistant  Su^ 
geon,  U.  S.  Army.  Report  to  the  Surgeon  General  of  the 
tj.  S.  Army,  dateH  June  4,  1870. 

Since  the  preparation  of  my  report  of  January  4,  1870,  on  the 
use  of  the  Magnesium  and  Electric  lights  in  Photo-micrographj, 
I  have  made  some  experiments  with  the  Oxy-calcium,  or  Hares 
light,  as  a  source  of  illumination  for  the  same  purpose,  and  have 
succeeded  in  obtaining  excellent  pictures  with  powers  as  hi^ 
as  a  thousand  diameters.  This  result  appears  to  me  of  consid- 
erable importance,  both  because  of  the  comparative  cheapness 
of  this  lignt,  and  because  the  apparatus  for  its  production  is  flo 
common  as  to  be  practically  within  the  reach  of  every  mi- 
croscopist.  In  addition  to  these  advantages  the  oxy-calcium 
light  possesses  the  quality  of  steadiness  to  a  greater  degree  than 
either  the  electric  or  the  magesium  lamp  and  requires  much  less 
trouble  and  skill  to  managa 

For  the  purposes  of  my  experiments,  I  made  the  hydrogen 
as  I  consumed  it,  in  a  flare's  self-regulating  generator,  by  the 
action  of  dilute  sulphuric  acid  on  scraps  of  ominary  sheet^zina 
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The  oxygen  was  sometimes  made  in  the  usual  way  from 
chlorate  of  potassa,  sometimes  purchased  compressed  in  iron 
cylinders ;  in  either  case  it  was  transferred  to  a  large  sheet-iron 
gasometer  for  use.  The  gases  were  burned  under  a  pressure 
equal  to  a  colimm  of  water  fourteen  inches  higL  I  used  for 
lamp  one  of  the  first-class  magic-lanterns,  manufactured  by 
J.  W.  Queen  &  Co.  (No.  924,  Chestnut  street,  Philadelphia, 
Pennsylvania,)  in  which  the  disc  of  lime  is  revolved  bv  clock- 
work before  the  burning  jet  of  gas  and  a  fresh  surmce  con- 
stantly presented  to  the  flama  I  simply  removed  from  the 
lantern  the  lens  intended  to  magnify  the  image  on  the  slides, 
when  the  apparatus  is  in  ordinary  use,  and  allowed  the  cone  of 
liffht  proceeding  from  the  large  condenser  of  the  instrument  to 
fail  upon  the  achromatic  condenser  of  the  microscope,  in  the 
same  manner  as  described  and  figured  for  the  ma^esium  lamp 
in  my  report  of  January  4th,  a  reference  to  whicn  will  render 
any  description  of  the  arrangement  of  the  microscope  and  of 
the  sensitive  plate  unnecessary  in  this  place. 

I  employed  the  ammonio-sulphate  cell,  as  I  do  in  taking 
Photo-micrographs  with  other  sources  of  light,  but  found  I 
could  dispense  with  the  ground  glass  which  is  necessaiv  in 
photographing  so  many  objects,  if  sunlight  or  the  electric  lamp 
18  employed ;  a  lar^e  portion  of  the  lime  disc  being  luminous, 
the  resulting  mixed  divergent  pencil,  like  that  obtained  from 
the  magnesium  lamp,  does  not  produce  the  interference  phe- 
nomena which  result  when  tissues  and  many  other  objects  are 
illuminated  by  powerful  parallel  rays.  This  circumstance,  how- 
ever, renders  the  calcium  light  inferior  to  the  sun  and  the  elec- 
tric lamp,  in  the  resolution  of  the  Nobert's  plate  and  certain 
lined  test  objects. 

I  did  not  find  the  time  of  exposure  differed  materially  from 
what  I  had  given  in  making  photographs  of  the  same  objects 
with  the  magnesium  lamp,  and  the  pictures  produced  were  not 
inferior  to  these  in  quality.  This  arose  from  the  fact  that  the 
greater  steadiness  of  the  calcium  light  permitted  the  use  of  con- 
densers which  concentrated  the  light  to  a  greater  degree  than  I 
had  found  advantageous  with  the  magnesium  lamp,  and  not 
from  equality  in  the  actinic  power  of  the  two  sources  of  illumi- 
nation. I  have  recently  made  some  experiments  with  the  view 
of  obtaining  positive  information  with  regard  to  the  comparative 
actinic  energy  of  the  electric,  magnesium  and  calcium  lamps 
which  I  employ.  For  this  purpose  all  condensers  being  re- 
moved the  divergent  pencil  proceeding  from  each  lamp  in  turn 
was  permitted  to  fall,  for  the  space  oi  five  seconds,  on  an  ex- 
posed circular  portion  of  a  sensitive  plate  thirty  feet  distant 

The  whole  operation  was  completea  in  less  than  a  minute, 
when  the  plate  being  developed  m  the  ordinary  way  three  cir- 
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cular  spots  appeared  as  the  results  of  the  exposurea.  The  spot 
produced  by  the  electric  light  was  intensely  olack,  that  by  the 
magnesium  of  a  rich  middle-tint,  while  the  circle  impressed  by 
the  calcium  light  was  extremely  pale.  Want  of  time  prevented 
me  from  continuing  these  experiments  and  obtaining  as  I  de- 
sired numerical  values  for  the  relative  actinic  powers  of  these 
sources  of  illumination  under  definite  conditions ;  this  I  have 
however  regretted  the  less,  as  the  actual  energy  of  the  naked 
flames  is  not  really  the  measure  of  their  availability  in  photo- 
micrography ;  here  the  question  of  steadiness,  involving,  as  it 
does,  the  possibility  of  great  concentration,  plays  a  most  impor- 
tant part  and  materially  modifies  the  result 

So  liar  as  I  know,  the  Calcium  light  has  never  before  been 
successfully  employed  as  the  source  of  illumination  for  making 
Photo-micrographs  in  this  country.  My  friend  Dr.  R  L.  Mad- 
dox,  however,  writes  me  that  it  has  been  experimented  with  in 
England  by  Drs.  Abercrombie  and  Wilson.  He  thinks  thw 
used  powers  as  high  as  an  eighth  with  pleasing  results.  ThiB 
information  has  directed  my  attention  to  the  essay  of  Dr.  Wil- 
son in  the  Popular  Science  Review  for  1867,  volume  vi,  page 
54,  in  which  that  gentleman  gives  in  detail  the  process  em- 
ployed by  himself  and  Dr.  Abercrombie.  He  experimented 
witn  an  oil  lamp  and  with  the  Oxy-calcium  and  magnesium 
lights :  "  I  can  scarcely  think  it  would  be  used  now  3iat  the 
more  active  light  of  magnesium  is  within  the  reach  of  every 
one''  And  of  the  magnesium:  "  The  light  fails  only  in  stead- 
iness, and  if  some  means  could  be  devised  for  burning  the  metal 
uniformly  and  at  a  fixed  point  nothing  would  be  left  to  desire" 
Dr.  Beale  (How  to  work  with  the  Microscope,  4th  edition,  p. 
248)  tells  us  that  some  of  the  pictures  of  these  gentlemen  were 
remarkably  good,  "  they  possess  a  peculiar  delicacy  in  the  half 
tones  and  the  shadows,  with  much  roundness  of  the  objects,  hut 
the  definition,  as  might  be  expected,  does  not  quite  equal  in 
some  of  the  finest  markings,  prints  obtained  from  sun  negativea" 
A  perusal  of  Dr.  Wilson's  paper  will  show  that  my  process  dif- 
fers fi'om  his  in  the  use  of  the  following  precautions :  the  inter- 
polation of  an  ammonio-sulphate  cell  to  exclude  the  non-actinic 
rays,  the  use  of  lenses  specially  made  for  photography  for  all 
powers  fi'om  the  ^th  down,  the  use  of  much  larger  condensers 
to  concentrate  the  light  and  so  to  shorten  the  exposure,  and  in 
the  case  of  the  magnesium  light,  in  the  use  of  a  clock-work 
lamp  to  increase  the  steadiness  of  the  illumination.  Each  of 
these  points  are  in  my  judgment  essential  to  obtain  the  best 
results. 

I  learn  from  the  same  letter  of  Dr.  Maddox  that  he  had  him- 
self made  experiments  with  the  magnesium  lamp  some  time  be- 
fore those  of  Abercrombie  and  Wilson.     He  used  powers  as 
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high  as  a  fifth,  and  appears  to  have  obtained  better  results  than 
I  supposed  any  one  nad  done  prior  to  the  pubUcation  of  ray  re- 
port He  gives  me  the  following  account  of  his  experience : 
"  The  first  picture  I  took  with  the  magnesium  light  was  done  in 
a  very  rude  way.  An  inch  and  a  quarter  of  wire  was  held  in  a 
small  spirit  flame  and  advanced  by  hand  as  burnt  The  objec- 
tive was  Beck's  fds,  the  object  the  sycamore-leaf  insect,  and 
about  fths  of  an  inch  of  wire  remained  after  use.  I  sent  a  print, 
with  a  sun  print  of  the  same  to  the  British  Journal  of  Photogra- 
phy, and  m*  the  nimiber  for  July  1,  1864,  you  will  find  some 
remarks  by  myself  and  the  editors.  Now  to  try  and  meet  any 
error  that  might  arise  fi'om  what  we  may  term  want  of  coirec- 
tion,  I  used  the  fds  with  the  correcting  lens,  which  is  excellent 
for  sunlight ;  the  picture  was  soft,  full  of  half  tone,  but  wanted, 
as  in  other  pictures  I  had  seen  by  artificial  light,  the  decision  of 
definition  in  the  outlinea"  "  After  this  I  used  the  ^th  with  the 
little  apparatus  sketched  in  Beale's  book  (page  275)  and  which 
I  venture  to  think,  embraces  all  that  is  required  for  its  use,  pro- 
vided the  condenser  has  its  focus  at  the  burning  point,  and  that 
the  reflector  has  the  same."  With  the  jth,  fibers  of  cotton  and 
muscular  fibrillae  of  boiled  shrimp,  with  several  other  objects 
were  taken,  but  I  did  not  use  any  nigher  power,  nor  indeed  pay 
much  attention  to  the  subject  as  I  gave  the  preference  to  the 
sunlighted  prints  and  negatives."  I  give  these  extracts  with 
great  pleasure  as  showing  the  experience  in  this  direction  of  one 
of  the  most  distinguished  laborers  in  the  field  of  Photo-micro- 
graphy, and  regret  that  I  was  not  acquainted  with  them  at  the 
time  of  publishmg  my  first  report  The  method  of  Dr.  Maddox, 
however,  diflfered  fix^m  mine  m  the  same  essential  points  as  that 
of  Abercrombie  and  Wilson,  and  the  peculiar  ntness  of  the 
magnesium  light  for  photographing  the  animal  tissues  and  those 
objects  generally,  which  require  the  use  of  ground  glass  when 
sunlight  is  employed,  would  appear  to  have  escaped  the  observa-« 
tion  of  these  accomplished  gentlemen,  and  to  have  remained  un- 
noted until  the  publication  of  my  report 

In  conclusion  I  append  to  this  paper  two  illustrative  photo- 
graphs. The  first,  which  represents  tne  6th  square  of  the  Mol- 
fers  type-plate  of  the  diatomaceae,  taken  with  Wales's  1^  inch 
objective,  arranged  to  give  thirty -five  diameters,  will  serve  for 
comparison  with  the  photographs  of  the  same  object  with  the 
same  lens  taken  by  sunlight  and  by  the  electric  and  magnesium 
lamps,  which  were  published  with  my  former  report  The  sec- 
ond represents  the  Navicular  Lyra,  taken  with  the  Powell  and 
Lealand's  immersion  j\  arranged  to  magnify  1000  diameters. 
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Abt.  XXXIX.— On  Uie  Secular  Perturbations  of  the  Planets; 

bj  Asaph  Hall. 

In  view  of  the  recent  consideration  in  geological  speculations 
of  the  secular  inequalities  of  the  excentricity  of  the  earth^s 
orbit,  it  may  be  worth  while  to  state  briefly  the  method  of 
treating  secmar  perturbations,  and  our  present  knowledge  of  the 
subject 

Denoting  by  c,  ir,  g>,  and  0  the  excentricity,  the  longitude  of 
the  perihelion,  the  inclination  of  the  orbit  and  the  longitude  of 
its  ascending  node,  it  has  been  found  easier  in  the  discussion  of 
the  fjroblem  to  substitute  for  these  quantities  four  others  which 
are  simple  functions  of  them ;  and  thus  are  assumed 

h=.e  sin  7T,  jt>"=tang  <p  sin  0, 

Izzze  cos  n.  2'=tang  q>  cos  ft 

Neglecting  terms  of  the  third  and  higher  orders  of  the  excen- 
tricities  and  inclinations  in  that  part  of  the  development  of  the 
perturbative  function  from  which  the  secular  perturbations 
ari  e,  linear  differential  equations  of  the  first  order  are  estab- 
lished containing  the  first  difierential  co-efficients  of  A,  i,  o  and 
q  with  respect  to  the  time ;  and  it  is  by  the  integration  of  these 
equations  that  the  secular  perturbations  are  obtained.  By  thi 
process  also  the  equations  are  separated  into  two  distinct  classes 
admitting  of  separate  treatment ;  the  one  class  containing  the 
differential  co-efficients  of  h  and  I  and  the  solution  furnishing 
the  values  of  the  excentricities  and  the  longitudes  of  the  pen- 
helia,  and  the  other  containing  those  of  p  and  q  and  the  solu- 
tion giving  the  values  of  the  inclinations  and  the  longitudes  of 
the  ascending  nodes.  In  this  way  the  discussion  of  the  prob- 
lem is  much  simplified.  The  numerical  co-efficients  in  the 
differential  equations  depend  on  the  semi-major  axes  of  the 
orbits,  and  on  the  masses  of  the  planets.  Considering  the  eight 
principal  planets  of  our  solar  system,  there  will  be  of  course 
eight  values  of  A,  Z,  p,  and  y,  and  these  are  usually  distinguished 
by  the  addition  of  accents  to  the  symbols. 

In  order  to  effect  the  integration,  Lagrange,  whose  method  is 
still  followed,  assumed 

A= N  sin  {g  t+P),  I  =N  cos  (a  t+^, 

h'=W  sin  (g  t+^)  l'=zW  cos  {(/ 1+?),      *c. 

Differentiating  these  equations  and  substituting  the  value  of 

■T-,  -T,-,  Y'  ^^"f  ^^  *^®  differential  equations  and  then  eliminating 

the  ratios  of  the  coefficients  N,  N',  N",  &c.,  a  numerical  equa- 
tion is  obtained  for  the  determination  of  g.     This  equation  will 
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rise  to  the  degree  denoted  by  the  number  of  planets  considered, 
and  in  our  solar  system  will  be  of  the  eighth  degree.  If  we 
denote  hj  g^,  g^,  g^  -  -  -  •  g^  the  roots  of  this  equation  the 
general  integrals  will  be 

Az=Ni  sin  igit+?i)+^2  sin  (^2«+i^i)+  •--+^8  ^n  (gsf+^s), 
A'=N\8in  (^i<+ft)+  NVin  (.^^+ft)+..    .+N'88in  (^a^+i^s),      ^'^ 

&c.,  &c. 

The  arbitrary  quantities  Nj,  N'l ft,  <?2j  &c.,  are  determined 

by  the  initial  values  of  h  and  I,  The  solution  for  p  and  q  is 
quite  similar  to  that  for  h  and  /. 

The  conditions  necessary  for  the  stability  of  the  system  are, 
first,  that  the  eight  roots  of  the  equation  for  g  shall  be  real  and 
unequal,  in  order  that  outside  the  circular  functions  there  may 
be  no  terms  containing  the  time  as  a  factor  or  exponent  and 
which  would  therefore  increase  indefinitely  ;  and  secondly,  it  is 
necessary  that  the  coefficients  N  may  not  be  great  in  order 
that  the  excentricity  may  not  increase  so  as  to  render  divergent 
the  series  which  have  been  assumed  in  the  solution  to  be  rapidly 
convergent 

The  actual  numerical  solution  by  several  eminent  astrono- 
mers, Lagrange,  Pontecoulant  and  Leverrier,  their  results  being 
essentially  accordant  in  this  respect,  shows  with  a  great  degree 
of  probability  that  our  solar  system  is  a  stable  one,  the  law  of 
gravitation  alone  being  considered;  although  to  speak  with 
certainty  on  this  point  an  analytical  solution  is  to  be  desired. 
But  when  it  is  required  to  compute  for  very  remote  epochs  the 
values  of  the  elements  of  the  orbits  the  co-efficients  g  which  in 
equations  (1)  are  multiplied  by  the  time  must  be  carefiilly  con- 
sidered. These  coefficients  aepend  on  the  assumed  masses  of 
the  planets,  and  are  generally  aetermincd  by  neglecting  terms 
of  tne  third  order.  The  most  complete  investigation  of  this 
subject  is  that  given  by  Leverrier  in  tne  Connaissance  des  Tems 
for  1843  and  1844,  and  reproduced  with  some  additions  in  the 
memoirs  of  the  Paris  Ooservatory  for  1856.  In  this  work, 
which  is  a  masterpiece  of  astronomical  calculation,  Leverrier 
shows  that  terms  oi  the  third  order  may  produce  corrections  of 
the  values  of  g  amounting  to  three  or  four  tenths  of  a  second. 
Probable  uncertainties  in  the  assumed  values  of  the  masses  of 
the  planets  may  give  rise  to  errors  of  nearly  two  tenths  of  a 
second.  Hence,  if  we  consider  the  forms  of  the  general  inte- 
grals (1),  we  shall  readily  see  that  for  very  remote  epochs,  dis- 
tant by  millions  of  years,  our  calculations  must  be  very  untrust- 
worthy ;  since  when  the  time  is  great  the  errors  in  the  values  of 
g  may  completely  change  the  character  of  the  circular  functions 
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For  a  satisfactory  solution  of  this  problem,  certainly  one  of 
the  most  interesting  in  astronomy,  our  knowledge  of  the  masses 
of  the  planets  must  be  greatly  advanced.  In  the  case  of  the 
interior  planets  it  appears  that  we  must  wait  patiently  until  the 
theory  of  their  own  motions,  or  the  motion  of  some  one  of  the 
periodical  comets,  shall  furnish  the  data  for  an  exact  determina- 
tion of  their  masses.  The  masses  of  Mars  and  Jupiter  will  in 
time  be  very  accurately  known  from  the  theories  of  some  of 
the  minor  planets.  But  in  the  case  of  Saturn,  Uranus  and 
Neptune  it  appears  to  me  that  the  instrumental  means  are 
already  at  hanu  for  making  an  accurate  determination  of  their 
masses,  and  a  more  complete  investigation  of  the  theories  of 
their  satellites.  When  the  novel  and  entertaining  observations 
with  the  spectroscope  have  received  their  natural  abatement 
and  been  assigned  their  proper  place,  it  is  to  be  hoped  that 
some  of  the  powerful  telescopes  recently  constructed  may  be 
devoted  to  this  class  of  observations,  where  a  rich  and  an  ample 
field  awaits  the  skillful  observer.  One  could  not  wish  a  better 
example  than  the  beautiful  work  of  Bessel  on  the  satellites  of 
Jupiter. 

August  2,  1870. 


Art.  XL. — Farmer's   Theorem  discussed;    by   Fbed.   R 

Stimpson. 

Toward  the  close  of  Prof  Silliman's  paper,  "  On  the  relation 
between  the  intensity  of  light  produced  from  the  combustion 
of  illuminating  gas  and  the  volume  of  gas  consumed "  (this 
Jour.,  xlix,  17),  is  the  following: — "A  comparison  of  the 
foregoing  results  will  show  that  the  coincidences,  with  the 
requirements  of  the  theorem  of  Farmer  are,  within  the  limits 
assigned,  too  numerous,  and  too  closely  accordant,  to  be 
considered  as  otherwise  than  pointing  clearly  to  its  general 
truth." 

What  I  propose  to  examine  now  is,  whether  the  data  riven 
in  the  paper  referred  to,  do  warrant  the  conclusion  reached. 

Accoraing  to  the  data  given  for  the  first  experiment,  two 
lights  were  made  equal,  so  that  the  disk  of  a  Bunsen  Photo- 
meter stood  midway  between  the  flames,  and  the  consumptions 
were  found  to  be  3 '66  feet  per  hour. 

"  The  screen  was  then  moved  upon  the  bar  to  a  point  jnst 
four  times  as  far  from  one  flame  as  it  was  from  the  other,  i  e., 
the  bar  being  100  inches,  the  screen  stood  at  80,  i  e.,  as  1:4 
The  light  from  the  distant  burner  was  then  increased,  until  the 
disk  again  showed  as  an  equality  of  illumination.     On  reading 
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the  rate  of  the  gas  consumed  by  the  two  burners  respectively, 
one  gave  8*66  cubic  feet  and  the  other  7*32  cubic  feet" 

Now  from  this  it  will  be  seen  that  the  ratio  of  consumption 
was  as  1  to  2,  but  the  ratio  of  the  lights  being  as  the  squares  of 
the  distances  from  the  disk,  becomes  200* :  80*  or  1:16,  and 
the  result  on  the  paper  should  stand, 

3-66*  :7-32«=l:16  and  not 
3-66»:7-32«  =  l:4. 

In  other  words,  the  lights  were  proportional  to  the  fourth 
powers  of  the  consumptions  and  not  to  the  squares.* 

In  experiments  2,  3  and  4,  the  ratio  of  the  squares  of  con- 
sumption is  nearer  to  the  ratio  of  the  lights  than  the  simple 
ratio  of  the  consumptions,  but  in  experiment  2,  the  ratio  of  the 
2*67  powers  of  the  consumption  almost  exactly  expresses  the 
ratio  of  the  lights.  In  experiment  3  the  ratio  of  the  squares  is 
too  small,  and  in  experiment  4  it  is  too  great;  while  in  ex- 
periment 5,  the  simple  ratio  is  certainly  much  nearer  than  the 
ratio  of  the  8C[uares. 

The  following  table  will,  I  think,  suffice  to  show  these  various 
relations : 


Vo. 
Bxp*t. 


Bate  of 

eoDsnmp- 

tion  per 

bonr. 


3-30 
4-36 
6136 
6-656 

3-72 
4-884 
6000 
7-218 

4-6 
9-519 

6-16 
10  06 


Intensity 

foond  by 

expert* 

ment. 


1- 
2-1 
3-2 
4-0 

1- 
2- 
3- 


1- 
4- 

1-85 
400 


Inten- 
sity by 
old  law. 


1- 

1-32 
1-66 
1-68 

1- 

1-312 
1-61 
1-94 

1- 
2-114 

1*86 
3-70 


Intensity 
bylaw  of]tbe 

tbe 
sqnaret. 


1- 

1-73 
2-42 
2-83 

1- 

1-72 
2*60 
3-76 

1- 
4-46 

1-86 
5-72 


Intensity  by 
ticfWpow 
er  of  con> 
sumption. 


1- 

2098 
3-222 
3-995 


Difference  between  calculated 
and  obaerred  results. 


Old  law. 


0 
-0-78 
-1-66 
—2-32 

0 
—0-628 
-1-39 
-2-06 

0 
-  1-886 

0 
-0-30 


Law  of 
squares. 


0 
-0-37 
-0.78 
-1-17 

0 
-0-28 
-0-40 
-0-24 

0 
+  0-46 

0 
+  1-72 


a-67 
power. 


0 
—0-002 
+  0-022 
-0005 


In  experiment  6,  the  reductions  have  been  made  by  applying 
the  old  rule  to  the  correction  for  the  candle  in  both  cases ;  the 
correction  by  Farmer's  Theorem  being  applied  only  to  the  con- 
sumption of  the  gas,  and  so  applied  gives  the  most  concordant 
results,  the  difference  shown  ov  the  old  rule  however,  (1*84 
candles)  is  no  greater  than  might  have  occurred  between  two 
observations,  even  if  the  consumption  in  both  cases  had  been 

[*  Since  the  above  was  written,  I  have  been  infonned  that  the  error  is  not  in  the 
proportion  of  (**  ]  to  4  ")  but  in  the  statement  of  ihe  position  of  tiie  disk  upon  the 
iMur.  It  should  read  twice  as  far  fh>m  one  flame  as  the  other,  i  e.,  the  screen  stood 
ftt  66f,  and  thus  the  experiment  supports  the  theorem.] 
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equal,  L  e.,  five  feet  per  hour.  But  this  experiment  alone  cer- 
tainly does  not  warrant  the  conclusion  reached,  viz: — "That 
this  theorem  applies  with  equal  force  to  the  weight  of  sperm 
consumed  by  the  standard  candle  as  to  the  volume  of  the  gas 
burned  in  equal  times,"  because  the  correction  has  not  been 
applied  to  the  candle  either  here  or  in  any  other  observation 
given  in  Prof.  Silliman's  paper. 

The  confirmation  obtainea  by  experimenting  upon  Peytona, 
Albert  and  Wollougong  gas  depends  upon  the  assumption 
that  the  true  candle  power  of  a  rich  gas  can  be  obtainea  by 
mixing  it  in  definite  proportions,  with  another  gas  whose  illu- 
minating power  is  known,  and  deducing  from  the  observed 
candle  power  of  the  mixture,  the  candle  power  of  the  rich  gas ; 
until  this  assumption  has  been  proved  to  be  correct,  it  is  of 
course  useless  in  establishing  Farmer  s  Theorem. 

The  next  proof  offered  is  drawn  jfrom  a  tabular  statement  in 
Sugg's  Gas  Manipulation.  Prof  Silliman  says,  ^'  By  this  state- 
ment the  burner  in  question  produced  fix)m  five  cubic  feet  of 
gas  exactly  15  (14?)  candle  power,  but  when  reduced  to  4t 
cubic  feet  consumption  the  candle  when  *  corrected  to  the 
standard  quality  of  gas  by  proportion  *  was  only  11  "OS  candles 
The  values  of  the  *  correction '  referred  to  can  only  be  conjec- 
tured, but  assuming  that  the  observation  made  the  uncorrected 
rendering  11*32  candles  (a  very  probable  quantity),  we  find  that 
the  law  of  the  squares  of  consumption  then  makes  the  ratio  as 
.  follows : — 4  5  2 : 1 1  '32 = 6 ^  14. "  The  assumption  here  made  is 
not  at  all  necessary  because  we  can  find  the  exact  value  of  the 
*  correction '  for  the  gas  by  reversing  the  proportion  usei, 
thus : — 5 :  11'93— 4*5 :  1073,  and  now  applying  J^armer's  Theorem 
the  ratio  becomes  4*5' :  10*73=6* :  13*24  only.     The  relation  can 

5  5 

be  exactly  expressed  by  the  ratio  4*5^  :  10*73=5^  :  18*997=11 
The  last  proof  oflFered  is  drawn  from  Audoin  and  Berards 
experiments.  But  after  several  fruitless  efibrts  to  obtain  the 
results,  as  given  under  the  head  of  "  Intensities  by  law  of  the 
squares  of  consumption,*'  I  am  forced  to  conclude  that  these 
figures  are  incorrect  through  some  inaccuracy  in  applying  that 
law.  The  two  tables  referred  to  may  be  foimd  in  the  authors 
original  memoir  on  pages  439  and  441  of  Annales  de  Physique 
et  de  Chimie,  voL  Ixv,  1862.  In  these  experiments  they  com- 
pared the  burning  of  two  batwing  burners  at  different  rates  of 
consumption,  with  a  "  Bengel  Argand  "  whose  rate  of  consumo- 
tion  was  nearly  constant  The  first  three  colunms  of  the  table 
below  give  their  experimental  data. 
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Consump- 
tion of  the 

B«twlng 
under  trial. 

Consnmptlon 

of  tbe  Bensrel 

Argsnd. 

Comparative 

Intensities. 

The  Bengel 

homer 

being 

Intensties  by 
old  formula 

or  direct  ratio 
of  consump- 
tion. 

Difference 
between  cal- 
culated and 
observed 
result!. 

Intensities 
for  law  of 
the  squares 

of  con- 
sumption. 

Difference 
between   cal- 
culated   and 
observed 
results. 

Liters  per 
hour. 

Liters  per 
hoar. 

V 

I" 

211 

100 

120 

99*38 

-0-62 

82-31 

-   17-69 

189 

96 

110 

97-64 

-2-36 

86-38 

-  13-62 

180 

103 

100 

100-00 

0-00 

100  00 

00 

156 

104 

90 

104-85 

+  4-85 

12217 

+   2217 

142 

104 

80 

102-39 

-h2-39 

131-06 

+   31  06 

124 

101 

70 

99-65 

-0-35 

141-84 

+  41-84 

102 

101 

60 

103-82 

-h3-82 

179-68 

-f  79-68 

88 

102 

60 

99-30 

-0-70 

19719 

+   9719 

68 

100 

40 

102-79 

+  2-79 

264-20 

+ 1 64-20 

67 

102 

30 

1       90-73 

-9-27 

293-40 

+  193  40 

Table  IL   Burner  of  the  same  series — slit  ^3  inch  wide. 


Consumn- 
Uon  of  the 
Batwlng 
BiulertriaL 

Consumption 

of  the  Bengel 

Argand. 

ComparatiTe 

intensities. 

The  Bengel 

burner 

being 

MOT 

Intensities  by 
old  formula 

or  direct  ratio 
of  consump- 
tion. 

Difference 

between  cal- 

culatisd  and 

observed 

resulti. 

Intensities 
for  law  of 
the  squares 

of  con- 
sumption. 

Difference 
between   cal- 
culated and 
observed 
results. 

liters   per 
hour. 

Liters  per 
hour. 

264 

106 

200 

100-4 

+   0-4 

50-3 

-  49-7 

'^36 

105 

180 

1001 

+   01 

55-6 

-  44-4 

208 

105 

160 

100-9 

+   0-9 

63-5 

-  36-5 

182 

105 

140 

100-9 

+   0-9 

72-8 

-  27-2 

152 

104 

120 

102-6 

+    2-6 

87-7 

-  12-3 

130 

104 

100 

100-0 

00 

1000 

00 

112 

104 

80 

92-8 

-  7-2 

107-8 

+     7-8 

00 

104 

60 

86-6 

-13-4 

125-1 

+   251 

76 

104 

50 

86-6 

-134 

160-2 

+   60-2 

66 

104 

40 

78-8 

-22-2 

155-2 

+   55-2 

43 

104 

20 

60-5 

-39-5 

182-8 

+   82-8 

28 

104 

10 

46-4 

-53-6 

216-6 

+  115-6 

From  the  first  table  it  will  be  seen  that  the  two  burners 
gave  equal  light  (intensity  100),  when  the  batwing  consumed 
180  liters  per  hour,  and  the  standard  103  liters.  C!orrecting  the 
first  line  of  this  table  for  these  coDsumptions,  by  the  old  rule 
we  have  for  the  batwing  211 :  180= 120 : 1 
and  for  the  standard  108 :  100  =      l:V; 

the  total  correction  for  both 

will  be  therefore  211 X 108 :  180 X 100= 120 XlilxV] 

the  I  cancels  out  and  leaves 

the  proportion  211 X 108 :  180x  100=120 :  Z'. 

The  second  line  of  this  table 

becomes  189  X 108: 180  X  96=110  :Z 

and  so  on. 

Now  applying  Farmer's  Theorem,  the  proportions  become 

(2ii)»  X  (losy :  (i8oy  X  (looy =120 .-  r 

(189)»  X  (lOSy :  (180)»  X  (  96)» = 110 :  T. 
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The  value  of  V  and  i"  from  these  proportions  will  be  found 
in  the  4th  and  6th  columns  of  the  above  table. 

It  will  be  seen  that  in  the  second  table  the  burners  gave  equal 
light  for  consumptions  of  130  and  104 ;  these  numbers  have  been 
used  therefore  in  the  corrections  for  that  table. 

The  experiments  show  that  the  last  term  of  the  proporticHis 
should  be  100.  The  tables  show  that  by  the  old  formula,  this 
term  becomes  about  100  for  every  experiment  of  the  first  table, 
and  for  the  first  seven  experiments  of  the  second  table,  the 
greatest  difference  being  7*2 ;  and  for  the  remaining  five  experi- 
ments, the  old  formula  gives  the  best  approximate  results  except 
for  the  last  one,  and  here  the  old  law  gives  a  result  which  moist 
be  multiplied  by  2  15  to  make  it  correct,  and  Farmer's  Theorem 
gives  a  result  that  must  be  divided  by  2*16  to  make  it  correct 

From  a  perusal  of  these  various  results,  I  am  led  to  disagree 
with  Prof.  Silliman,  and  say  that  *  Farmer's  Theorem'  is  not 
proven,  and  that  the  law  of  the  squares  does  not  in  general  give 
any  closer  results  than  the  old  law  of  the  direct  ratio ;  though 
I  entirely  and  heartily  concur  with  him  in  the  conclusion^  mai 
every  photometric  observer  should  recognize  the  importance  of  bring- 
ing the  consumption  of  gas  and  sperm  to  the  agreed  standard,  when 
attempting  to  give  the  true  candle  power  of  any  gas. 

It  is  much  to  be  desired  that  experimenters  should  turn  their 
attention  to  the  matter  of  the  relation  of  consumption  of  gas  to 
illuminating  power,  and  I  sincerely  hope  that  Mr.  Farmer  will 
not  let  the  matter  rest  here,  but  will  make  and  publish  further 
observations  upon  the  same  subject 

Messrs.  Audoin  and  Berard  in  their  valuable  experiments,  to 
determine  the  best  burner  for  the  city  of  Paris,  proved  that  for 
every  consumption  of  gas  there  is  a  burner  which  is  best  suited 
for  that  consumption.  Now  by  the  proper  selection  of  a  burner 
for  small  consumptions,  some  simple  relation  may  yet  be  found 
between  consumption  and  illuminating  power. 

In  the  above,  reference  has  been  made  only  to  experiments 
detailed  in  Prof.  Silliman's  communication.  I  have,  nowever, 
made  a  number  of  experiments  myself  upon  the  same  subject, 
besides  collating  the  results  of  some  sixty  or  more  independent 
observations,  which  have  been  published  during  the  last  fifteen 
years,  and  the  results  are  curious,  instructive  and  unexpec^. 
There  are  a  few  among  them  to  which  Farmer's  Theorem  micht 
be  applied,  quite  a  number  to  which  the  old  law  will  apply; 
though  many  of  them  require  a  modification  of  the  old  law. 

I  hope  in  due  time  to  prepare  a  paper  giving  some  of  these 
resulta 

April,  1870. 
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Art.  XLL — Note  on  Mr,  Stimpson's  Paper  on  Farmer's  Theo- 
rem ;  by  B.  Silliman. 

Mr.  Stimpson's  criticism  on  the  first  experiment  of  my  paper 
was  induced  by  an  obvious  numerical  error  in  the  statement  of 
the  data,  which  Mr.  S.  has  himself  corrected  in  a  foot  note  on 
p.  878.  The  experiment  properly  stated  exactly  sustains  the 
theorem. 

I  admit  that  in  Experiment  No.  2,  the  exponent  comes  nearer 
to  the  third  power  than  to  the  square,  being  2*689,  2'638  and 
2'669;  in  the  three  cases  average  2 '661.  But  it  also  indicates 
that  the  illuminating  power  of  the  standard  3 '30  cubic  feet  was 
very  imperfect  The  experiments,  however,  appear  to  me  to 
demonstrate  clearly  the  radical  inaccuracy  of  the  old  rule  for 
photometric  calculations,  and  that  some  ratio  near  to  or  greater 
than  the  square  gives  often  more  trustworthy  results  than  the 
old  rule. 

In  Experiment  No.  8,  the  exponents  are  respectively  2*652, 
2*297  and  2*092,  coming  in  the  last  very  near  the  square.  It 
shows  that  4*88  cubic  feet  consumption  gave  the  best  results, 
and  also  that  3*72  and  7*219  cubic  feet  consumption  gave  very 
nearly  the  same  d^ree  of  intensity  of  combustion. 

In  Experiment  No.  4,  the  exponent  1*85  power  for  a  con- 
sumption of  9*519  consumption,  shows  an  imperfect  combustion 
of  the  fish-tail  burner  employed. 

In  Experiment  No.  6,  the  experimental  conditions  were 
wholly  unfavorable  to  accuracy,  owing  to  an  inequality  of 
pressure  unavoidable  in  the  experimental  method  adopted,  there 
Deing  one  inch  pressure  on  the  10*06  c.  £  consumption,  and 
only  half  an  inch  on  the  5*16  c.  £  It  is  well  known  to  all  pho- 
tometric observers  how  important  a  low  pressure  and  an  equal 
pressure  is  to  the  results  obtained.  It  was  hardly  fair  to  Mr. 
Farmer  to  have  quoted  this  trial,  but  I  was  desirous  of  exhib- 
iting the  entire  range  of  observation,  bad  as  well  as  good. 

As  in  Experiment  No.  6,  the  consumption  of  sperm  was  in 
the  two  tests  very  nearly  uniform ;  the  difierence  would  be  very 
trifling  if  the  correction  had  been  applied.  Nor  is  it  by  any 
means  so  certain  that  Farmer's  Theorem  applies  to  the  candle  as 
I  supposed  when  the  remarks  quoted  by  Mr.  Stimpson  were 
made,  since,  if  a  candle  bums  much  over  120  grains  it  smokes 
("tails  off"),  and  then  there  is  an  end  of  all  accuracy,  and  the 
observation  must  be  rejected ;  since  there  is  an  imperfect  com- 
bustion giving  an  increase  in  consumption  but  not  in  intensity. 

Mr.  Stimpson  rejects  all  the  data  cdven  by  me  which  are 
founded  lap^  the  a^etermination  of  thi  intensity  of  a  rich  gas 
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by  the  *  method  of  mixtures,'  because,  as  he  says,  the  accuracy 
of  this  method  has  not  yet  been  demonstrated  by  experiment 
But  this  objection  ceases  to  have  force  now  that  experiments, 
made  by  Mr.  Farmer  and  myself  lately,  prove  that  this  method 
is  worthy  of  confidence.     Inasmuch  as  the  most  important  case 
for  the  use  of  Farmer's  Theorem  is  that  of  gas  too  rich  to  be 
burned  in  the  standard  burner  on  a  basis  of  5  cubic  feet  per 
hour,  it  is  striking  oS  by  all  means  the  most  valuable  porton 
of  my  contribution  to  photometrical  methods  if  it  could  be 
shown  that  the  *  methoa  of  mixtures '  was  untrustworthy.    I 
am,  therefore,  glad  of  this  occasion  to  reiterate  my  confidenoe 
in  this  method,  and  to  refer  the  reader  curious  in  such  matten 
to  a  brief  paper  of  mine  upon  this  subjecj;,  which  will  be  found 
on  page  379. 

I  care  very  little  whether  the  results  of  experiment  shall 
show,  when  they  are  sufficiently  accumulated,  that  the  ratio  <tf 
consumption  of  ^as  is  to  the  intensity  produced  as  the  squaiea 
of  consumption  m  a  given  case,  or  in  some  other  ratio  greater 
than  a  simple  ratio.  I  have  desired  chiefly  to  call  attention  to 
the  general  untrustworthiness  of  all  photometric  olNservatiaDB 
which  are  made  with  volumes  of  gas  much  less  than  the  nonnal 
standard  adopted,  when  these  results  are  calculated  on  the 
simple  ratio  of  the  consumptions.  It  is  only  by  the  accumuk- 
tion  of  carefully  conducted  experimental  data  that  a  law  can  be 
established,  and  these  data  are  now  pretty  rapidly  accumulating.* 

*  In  the  proceedings  of  the  American  ABsociation  for  Advancement  of  Sdenoe, 
8alem  meeting,  I  presented  the  matter  referring  to  Sugffa  manipHJUaUm  in  a  dif- 
ferent form,  giving  the  results  of  the  observations  with  his  Argand  burner  la  a 
tabular  form  as  follows : 


No. 
obe. 

Cnbic 
feet. 

Obsenratlons 

corrected  by 

old  role 

candles. 

Differ- 
enoet. 

Uncorrected 
obsenratlonft. 

ObMrrattona 

corrected  by 

FanneriB 

Tbeorem. 

jma- 

1. 

6- 

1400 

1400 

1400 

2. 

4-9 

13-78 

0-22 

13-604 

14060 

0-656 

3. 

48 

1374 

0-26 

13190 

14-312 

1132 

4. 

4-7 

18-30 

0-70 

12-502 

14*148 

1-646 

6. 

4*6 

1304 

0-96 

11-996 

14191 

2-106 

6. 

4-6 

11-93 

207 

10-738 

13-256 

2-617 

The  mean  candle  power  of  the  6th  column  is  13-99  candles ;  difference  0-01 
The  following  will  show  the  fractional  power  required  to  bring  the  uxioociectod 
observations  (oolunm  5)  to  14-00  candles. 


2. 
3. 

4. 
6. 
6. 


4-91*88 

4-8i« 
4-71-85 
4-61-86 
4-5«-B 


13-504 
13-  90 
12-502 
11-996 
10-737 


51-6S :  14-00  oandlea 
f^'^:  14-00        " 
61*88:  14-00        " 
51-86:  14-00         " 
6W8:  1400         " 


This  table  shows  that  the  3rd  and  6th  tests  have  not  been  good  ones^  while  the 
2df  3d,  4th  and  5t3i  tests  fall  a  little  below  the  square  or  2d  pofwer,  and  t)M  6th 
test  is  considerably  more. 

New  Haven,  July,  1870. 
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Art.  XLDL — On  the  Determination  of  the  Photometric  Power  of 
a  rich  gas  by  dilution  with  a  poor  gas  of  known  vtdue:  the 
^^  method  of  mixtures  ;"  by  B.  SiLLlMAN. 

In  a  paper  on  *  Farmer's  Theorem/  *  I  have  given  several 
examples  of  the  method  of  determining  the  intensity  or  photo- 
metric power  of  a  rich  gas  by  diluting  it  with  several  times  its 
own  volume  of  a  poorer  gas  of  known  intensity,  and  then  calcu- 
lating its  value  from  the  increment  of  intensity.  Having  dem- 
CHistrated  in  the  paper  before  mentioned  the  worthlessness  of  all 
determinations  of  the  intensity  of  gases  of  high  illuminating 
power  made  by  burning  them  in  volumes  less  than  five  cubic 
feet,  and  then  calculating  their  intensity  by  the  rule  of  three  up 
to  that  volume,  I  have  shown  how  mucn  more  exact  results 
were  obtained  when  the  results  were  calculated  upon  the  theo- 
rem of  Mr.  Farmer;  this  greater  exactness  being  predicated 
largely  upon  the  confirmation  drawn  from  parallel  observations 
upon  the  same  gases  when  measured  by  the  method  of  mixtures. 
Tne  results  thus  obtained  having,  however,  been  questioned  by 
Mr.  Stimpson,f  on  the  ground  that  the  method  itself  had  not 
been  experimentally  demonstrated,  I  have  undertaken  lately,  in 
connection  with  Mr.  Farmer,  to  make  some  experiments  calcu- 
lated to  test  its  accuracy. 

The  results  which  go  to  support  the  accuracy  of  the  method 
were  obtained  with  the  use  of  a  new  photometric  apparatus, 
constructed  for  the  Manhattan  Gas  Co.,  under  my  direction,  by 
Sugg  of  London,  and  which  was  designed  to  embrace  all  the 
best  approved  features  which  recent  experience  has  indicated 
in  photometry.  A  discussion  of  these  details  would  be  out  of 
place  in  this  connection.  Before  detailing  our  results,  it  will 
be  proper  to  present  the  method  of  determination  of  intensity 
for  gas  of  hign  illuminating  power  as  practiced  by  Mr.  Farmer 
at  the  Manhattan  Gas  Worfes  in  New  York,  and  which  I  have 
called  the  method  of  mixtures. 

To  find  the  candle  power  of  a  gas  having,  for  example,  an 
intensity  greater  than  20  candles,  mix  the  rich  gas  of  unknown 
power  with  a  poorer  gas  of  known  power  in  such  proportions 
that  the  intensity  of  the  mixture  shall  not  be  greater  than  20 
candles  power,  when  consumed  at  the  agreed  rate  of  not  over 
five  cubic  feet  per  hour.  Then  to  compute  the  candle  power 
(intensity)  of  the  rich  gas, — 

*  This  Jouraal,  11^  xlix,  17 ;  also  Proceedings  of  American  Association  for  Ad- 
vancement of  Science,  Salem  meeting,  1869,  p.  149. 
f  See  page  272,  this  Yohime. 
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Let  az=the  percentage  or  volume  of  gas  of  low  intensity. 
^'     d=the  intensity  in  candles  of  the  gas  of  low  intensity. 
^'     c=the  percentage  or  volome  of  rich  sas  used  in  the  mixtare. 
^'     d=zthe  intensity  in  candles  of  the  mixture  as  observed. 
''     a;=the  intensity  in  candles  of  the  rich  gas  required. 

Hence,    "-^  =  d  (^:^}f^+d=.x 

'      a+c  c        * 

a>b4'Cx=^cui'\'cd 

ex = ad-^  crf+  ab. 

And  this  expression  is  stated  arithmetically  in  the  following 

Huk : — Svbtract  the  intensity  of  the  poor  gas  froTn  the  intensity 
oftfie  mixture;  multiply  the  remainder  by  the  volume  of  poor  gas; 
divide  the  product  by  the  volume  of  rich  gas;  add  to  the  quotient  Ae 
intensity  of  the  mixed  gas,  and  the  sum  is  the  intensity  of  the  riA 
gas  sought 

Now  when  we  reflect  that  in  any  given  illuminating  gas  we 
have  always  a  certain  volume  of  non-luminous  combujetible  gas, 
as  the  substratum  to  which  is  added,  according  to  its  source 
and  mode  of  treatment,  a  variable  volume  of  illuminants,  it  is  no 
unwarranted  assumption  to  sajr  that  the  illuminants  (chiefly 
olefines)  are  diluted  by  the  non-illuminants.  It  is  agreed,  on  all 
hands,  that  hydrogen,  marsh  gas  and  carbonic  oxyd,  which 
together  form  the  mass  of  the  non-luminous  substratum  of  all 
illuminating  gas,  have  of  themselves,  when  pure,  no  luminosity, 
and  when  burned  at  ordinary  atmospheric  pressures  and  corres- 
ponding temperatures,  that  they  may  in  feet  be  called^  as  to 
luminosity,  neutral.  It  can  hardly  be  questioned  that  the 
intensity  which  these  neutral  gases  may  assume  in  a  given  mix- 
ture must  depend,  under  the  same  ordinary  conditions  before 
mentioned,  upon  the  amount  and  kind  of  olefines  they  may 
take  up  in  the  destructive  distillation  of  the  coal  or  other 
hydrocarbons  used  in  making  gas.  If  these  assumptions  are 
true,  we  ought  to  be  able  to  demonstrate  them  by  experiment, 
by  commingling  certain  volumes  of  a  gas  of  known  intensity 
with  a  neutral  gas  of  no  intensity.  These  experimental  concfi- 
tions  would  be  met  by  using  carbonic  oxyd  as  the  neutral  gas, 
or  better  still,  the  mixture  of  carbonic  oxyd  and  hydrogen 
resulting  from  the  decomposition  of  vapor  oi  water  at  a  lugh 
temperature  in  contact  with  highly  ignited  carbon,  as  in  the 
hydrocarbon  gas  process.  But  in  default  of  any  convenient 
means  of  obtaining  these  gases,  we  had  recourse  to  hydrogen 
gas  evolved  by  the  action  of  diluted  sulphuric  acid  upon  zinc 
in  a  large  self-regulating  generator  of  nydrogen.  It  is  well 
known  that  hydrogen  thus  made  is  not  absolutely  non-luminous, 
but  it  is  sufficiently  so  for  photometric  purposes.  The  avidity 
of  hydrogen  for  all  the  olefines,  however,  renders  it  difficult  to 
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obtain  entirely  satisfactory  results  with  the  use  of  this  gas,  pro- 
vided it  is  passed  through  gas  pipes  and  holders  which  have 
been  previously  used  for  the  transmission  of  coal  gas,  since 
however  carefully  one  may  rinse  out  these  tubes  by  hydrogen, 
there  may  yet  cling,  probably,  some  small  trace  of  the  condensed 
illuminants  to  the  walls  of  the  tubes,  which  imparts  a  trifling 
intensity  to  the  hydrogen  passing  through  them. 

To  oDtain  a  supply  of  nch  gas  of  uniform  intensity,  100  lbs. 
of  Albertite  were  coked  until  810  cubic  feet  of  gas  had  been 
taken  from  it  of  a  density  of  498.  This  gas  was  purified,  col- 
lected and  preserved  in  a  separate  gas  holder.  Its  mtensity  was 
determined, 

Ist.  By  Farmer's  Theorem       =  30*49  candles. 
2d     "   mixing  with  poor  gas  =  30'95        " 
3d,     "    simple  ratio  z=  26*20        " 

In  determining  the  intensity  of  this  gas  by  the  method  of 
mixtures,  20  per  cent  by  volume  of  Albert  gas  was  mingled 
with  80  per  cent  of  10*6  candle  gas  obtained  from  a  poor  coaL 
The  mixture  had  an  intensity  of  14*67  candles.     Hence, 

(14*67-10-60)x80-r 20+14*67=30-95  candles 

for  the  intensity  of  the  Albert  Gas  by  the  method  of  mixtures. 

\Bt  Mcperiment, 

Taken      75  volumes  of  coal  gas               :=  14*75  candles,  obs'd. 
**  25         "  hydrogen  = 

«  100         "  mixture  =10*22       "  " 

If  hydrogen=0  this  mixture  should  have  given  11*06      "  calc. 

Hence  there  is  an  error  of  observation  of  '84   of  a  candle, 

which  makes  the  value  of  the  hydrogen  apparently  below  zero. 

2d  JEtxperiment 

Taken      75  volumes  of  coal  gas                =14*25  candles,  obs^d. 
"  25         "  hydrogen  = 

"  100        "  mixture  =10*35       "  " 

Khydrogen=0  this  mixture  should  have  given  10*69      "  calc. 

Hence  there  is  an  error  of  observation  =     *25       "        which 

again  makes  the  value  of  the  hydrogen,  apparently  a  little  below 

zero. 

The  want  of  sufficient  storage  room  for  liydrogen  and  the 
necessity  of  manv  repetitions,  and  much  care  in  manipulation 
to  avoia  errors  of  quantity  in  the  synthesis  of  mixtures  make 
experiments  of  this  sort  tedious,  and  my  other  avocations  have 
prevented  my  multiplying  them  as  much  as  is  desirable.  I 
think,  however,  that  most  photometric  observers  will  agree  with 
me  that  it  is  safe  to  concluae,  from  these  two  experiments,  that 
the  action  of  hydrogen  in  gaseous  mixtures  is  simply  that  of  a 
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diluant  We  might  make  a  thousand  observations  by  the 
means  now  at  command,  and  not  obtain  one  with  an  exact  0  for 
hydrogen.  A  very  trifling  error  in  the  admeasurement  gready 
influences  the  result 

We  may  therefore  safely  conclude,  as  it  appears  to  me — 
Ist  That  in  all  illuminating  gas  we  have  a  certain  substratam 
of  non-luminous  gas,  holding  in  solution  a  variable  volume  of 
luminous  gas  (oleflnes). 

2d.  That  when  a  gas  is  too  rich  in  illuminants  to  permit  d 
accurate  photometric  admeasurement  by  the  usual  standards  <rf 
intensity,  it  may  be  diluted  with  a  poor  gas  of  known  value 
and  volume  to  such  a  standard  as  is  consistent  with  the  aocuiate 
employment  of  the  usual  photometric  apparatus,  its  true  value 
being  then  calculated  fix)m  the  known  values  employed. 

P.  S.  I  find  in  the  manuscript  records  of  the  Manhattan  Gas 
Company,  mention  of  four  experiments  made  many  years  ance 
by  Mr.  Schultz,  chemist  of  tnat  company,  in  which  he  mixed 
5  per  cent  and  10  per  cent  of  hydrogen  with  gas  of  very  high 
illuminating  power.  The  results  are  less  satisfactory  than  they 
would  have  been,  had  the  volume  of  hydrogen  employed  been 
much  larger  and  the  intensity  of  the  coal  gas  not  over  16 
candles.  Moreover  at  that  time  the  means  of  admeasurement 
at  the  command  of  the  observer  in  the  laboratory  of  the  Man- 
hattan Company  of  small  volumes  of  gas  were  much  less  exact 
than  they  now  are.     The  results  obtained  are  as  follows : 

1st  Experiment, 

Taken            90  volumes  of  coal  gas        =22 '63  candles,  obserFed. 
"  10         "  hydrogen      = 

"  100       «  mixture         =19-11         "  « 

If  the  hydrogen  is  taken  as  0     "  =20*27         "     calculated. 

Showing  apparent  error  of  = —  1*11         "  '* 

2d  Experiment, 
Taken            95  volumes  of  coal  gas        =22*53  candles,  observed. 
"  6        "  hydrogen     = 

"  100         "  mixture         =20'36         "  « 

K  the  hydrogen  is  taken  as  0      "  =21*39         "     calouLated. 

Apparent  error  =-"1*04        "  " 

Zd  Experin^nt, 

Taken            90  volumes  coal  gas            z=-20*83  candles,  observed. 
"  10        "       hydrogen  = 

"  100        "       mixture  =19  44         "  " 

If  hydrogen  is  taken=  0      "  =18*29        "     calculated. 

Apparent  error,  -("     '^^         "  " 
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4th  MeperifnefU. 

Taken            95  volumes  of  coal  gas      =20*83  candles,  observed. 
"  6        "  hydrogen    = 

*•  100        **  mixture       z=20-62        "  " 

If  hydrogen  is  taken    =0        "  =19'79        "     calculated. 

Apparent  error,  4-     'IS        "  " 

New  Haven,  Sept  1870. 


Abt.  XTjTTT. — Address  of  Thomas  Henry  Huxley,  at  the  meeting 
of  the  British  Association  at  Liverpool,  on  the  lithofSept,  1870.* 

It  has  long  been  the  custom  for  the  newly  installed  President 
of  the  British  Association  for  the  Advancement  of  Science  to 
take  advantage  of  the  elevation  of  the  position  in  which  the 
suffrages  of  his  colleagues  had,  for  the  time,  placed  him,  and, 
casting  his  eyes  around  the  horizon  of  the  scientific  world,  to 
report  to  them  what  could  be  seen  from  his  watch-tower ;  in 
wnat  directions  the  multitudinous  divisions  of  the  noble  army 
of  the  improvers  of  natural  knowledge  were  marching ;  what 
important  strongholds  of  the  great  enemy  of  \i8  all,  ignorance, 
had  been  recently  captured ;  and,  also,  with  due  impartiality, 
to  mark  where  the  advanced  posts  of  science  had  been  driven  in, 
or  a  long-continued  si^e  had  made  no  progress. 

I  propose  to  endeavor  to  follow  this  ancient  precedent,  in  a 
manner  suited  to  the  limitations  of  my  knowleage  and  of  my 
capacity.  I  shall  not  presume  to  attempt  a  panoramic  survey 
of  the  world  of  science,  nor  even  to  give  a  sketch  of  what  is  do- 
ing in  the  one  ^eat  province  of  biology,  with  some  portions  of 
which  my  ordmary  occupations  render  me  familiar.  But  I 
shall  endeavor  to  put  before  you  the  history  of  the  rise  and  pro- 
gress of  a  single  biological  doctrine ;  ana  I  shall  try  to  give 
some  notion  of  the  fruits,  both  intellectual  and  practical,  which 
we  owe,  directly  or  indirectly,  to  the  working  out,  by  seven 
generations  of  patient  and  laborious  investigators,  of  the  thought 
which  arose,  more  than  two  centuries  ago,  in  the  mind  of  a  sa- 
gacious and  observant  Italian  naturalist 

It  is  a  matter  of  every-day  experience  that  it  is  diflBcult  to 
prevent  many  articles  of  food  from  becoming  covered  with 
mould ;  that  fruit,  sound  enough  to  all  appearance,  often  con- 
tains grubs  at  the  core ;  that  meat,  left  to  itself  in  the  air,  is  apt 
to  putrefy  and  swarm  with  maggots.  Even  ordinary  water,  if 
allowed  to  stand  in  an  open  vessel  sooner  or  later  becomes  tur- 
bid and  full  of  living  matter. 

The  philosophers  of  antiquity,  interrogated  as  to  the  cause  of 
these  pnenomena,  were  provided  with  a  ready  and  a  plausible 

•  From  "Nature,"  of  Sept  16. 
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answer.  It  did  not  enter  their  minds  even  to  doubt  that  these 
low  forms  of  life  were  generated  in  the  matters  in  which  they 
made  their  appearance.  Lucretius,  who  had  drunk  deeper  of 
the  scientific  spirit  than  any  poet  of  ancient  or  modem  times 
except  Goethe,  intends  to  speaK  as  a  philosopher,  rather  than  u 
a  poet,  when  he  writes  that  "  with  ffood  reason  the  earth  has 
gotten  the  name  of  mother,  since  all  things  are  produced  out  of 
the  earth.  And  many  living  creatures,  even  now,  spring  out  of 
the  earth,  taking  form  by  the  rains  and  the  heat  of  the  sun" 
The  axiom  of  ancient  science,  "  that  the  corruption  of  one  thing 
is  the  birth  of  another,'*  had  its  popular  embodiment  in  the  no- 
tion that  a  seed  dies  before  the  yoimg  plant  springs  from  it;  a 
belief  so  wide  spread  and  so  fixed,  that  Saint  l^aul  appeals  to  it 
in  one  of  the  most  splendid  outbursts  of  his  fervid  eloquence:— 
**  Thou  fool,  that  which  thou  sowest  is  not  quickened,  except  it 
die.*'* 

The  proposition  that  life  may,  and  does,  proceed  from  that 
which  has  no  life,  then,  was  held  alike  by  the  philosophers,  the 

Eoets,  and  the  people,  of  the  most  enlightened  nations,  eighteen 
undred  years  ago;  and  it  remained  the  accepted  doctrine  of 
learned  and  unlearned  Europe,  through  the  middle  ages,  down 
even  to  the  seventeenth  century. 

It  is  commonly  counted  among  the  many  merits  of  our  great 
countryman,  Harvey,  that  he  was  the  first  to  declare  the  oppo- 
sition of  fact  to  venerable  authority  in  this,  as  in  other  matters; 
but  I  can  discover  no  justification  for  this  wide-spread  notion. 
After  careful  search  through  the  "  Exercitationes  de  Genera- 
tione,"  the  most  that  appears  clear  to  me  is,  that  Harvey  believed 
all  animals  and  plants  to  spring  from  what  he  terms  a  ^^primor- 
dium  vegetale^^^  a  phrase  which  may  nowadays  be  rendered  "a 
vegetative  germ;"  and  this,  he  says,  is  ^' ovijorme^^^  or  "egg- 
like ;"  not,  he  is  careful  to  add,  that  it  necessanly  has  the  shape 
of  an  egg,  but  because  it  has  the  constitution  and  nature  of  ona 
That  this  ^^  pnmordium  oviforme'^  must  needs,  in  all  cases,  pro- 
ceed from  a  living  parent  is  nowhere  expressly  maintainea  by 
Harvey,  though  such  an  opinion  may  be  thought  to  be  implied 
in  one  or  two  passages ;  while,  on  the  other  hand,  he  does,  more 
than  once,  use  language  which  is  consistent  only  with  a  foil  be- 
lief in  spontaneous  or  equivocal  generation.  In  fact,  the  main 
concern  of  Har\''ey*s  wonaerful  little  treatise  is  not  with  genera- 
tion, in  the  physiological  sense,  at  all,  but  with  development; 
and  his  great  object  is  the  establishment  of  the  doctrine  of  epi- 
genesis. 

The  first  distinct  enunciation  of  the  hypothesis  that  all  living 
matter  has  sprung  from  pre-existing  living  matter,  came  from  a 
contemporary,  though  a  junior,  of  Harvey,  a  native  of  that 
country  fertile  in  men  great  in  all  departments  of  human  activity, 

•  \  CoT\iithi«Xia^  xv^  36. 
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pirhich  was  to  intellectual  Europe,  in  the  sixteenth  and  seven- 
teenth centuries,  what  Germany  is  in  the  nineteenth.  It  was  in 
[taly,  and  from  Italian  teachers,  that  Harvey  received  the  most 
important  part  of  his  scientific  education.  And  it  was  a  student 
brained  in  the  same  schools,  Francesco  Redi — a  man  of  the  widest 
knowledge  and  most  versatile  abilities,  distinguished  alike  as 
scholar,  poet,  physician,  and  naturalist — who,  just  two  hundred 
smd  two  years  ago,  published  his  "  Esperienza  intomo  alia  Gene- 
pazionedegr  Insetti,"  and  gave  to  the  world,  the  idea,  the  growth 
yi  which  it  is  my  purpose  to  trace.  Redi*s  bodk  went  through 
five  editions  in  twenty  years ;  and  the  extreme  simplicity  of  his 
sxperiments,  and  the  clearness  of  his  arguments  gained  for  his 
views,  and  for  their  consec[uences,  almost  universal  acceptanca 

Bedi  did  not  trouble  himself  much  with  speculative  consid- 
srations,  but  attacked  particular  cases  of  what  was  supposed  to 
be  "spontaneous  generation"  experimentally.  Here  are  dead 
uiimals,  or  pieces  of  meat,  says  he ;  I  expose  them  to  the  air 
in  hot  weather,  and  in  a  few  days  they  swarm  with  maggot& 
YovL  tell  me  that  these  are  generated  in  the  dead  flesh ;  but  if  I 
put  similar  bodies,  while  quite  fresh,  into  a  jar,  and  tie  some  fine 
^uze  over  the  top  of  the  jar,  not  a  maggot  makes  its  appearance, 
labile  the  dead  suostances,  nevertheless,  putrefy  just  in  the  same 
Bray  as  before.  It  is  obvious,  therefore,  that  the  maggots  are 
[lot  generated  by  the  corruption  of  the  meat ;  and  that  the  cause 
3f  their  formation  must  be  a  something  which  is  kept  away  by 
zauza  But  gauze  will  not  keep  away  aeriform  bodies,  or 
fiuid.  This  something  must,  therefore,  exist  in  the  form  of 
jolid  particles  too  big  to  get  through  the  gauze.  Nor  is  one 
long  left  in  doubt  what  these  solid  particles  are :  for  the  blow- 
fiies,  attracted  by  the  odor  of  the  meat,  swarm  round  the  vessel, 
ind,  uiged  by  a  powerful  but  in  this  case  misleading  instinct, 
l*y  ^gs  out  of  wnich  maggots  are  immediately  hatcned  upon 
the  gauza  The  conclusion,  therefore,  is  unavoidable ;  the  mag- 
^ts  are  not  generated  by  the  meat,  but  the  eggs  which  give  rise 
x>  them  are  brought  through  the  air  by  the  flies. 

These  experiments  seem  almost  childishly  simple,  and  one 
pronders  how  it  was  that  no  one  ever  thought  of  them  befora 
Simple  as  they  are,  however,  they  are  worthy  of  the  most  care- 
iil  study,  for  every  piece  of  experimental  work  since  done,  in 
regard  to  this  subject,  has  been  shaped  upon  the  model  furnished 
3y  the  Italian  philosopher.  As  the  results  of  his  experiments 
were  the  same,  however  varied  the  nature  of  the  materials  he 
used,  it  is  not  wonderful  that  there  arose  in  Redi's  mind  a  pre- 
nimption,  that  in  all  such  cases  of  the  seeming  production  of 
ife  from  dead  matter,  the  real  explanation  was  tne  introduction 
)f  living  germs  from  without  into  that  dead  matter.  And  thus 
he  hypothesis  that  living  matter  always  arises  by  the  agency  of 


886  Address  of  Professor  Huxley. 

pre-existing  living  matter,  took  definite  shape ;  and  had,  heooe- 
forward,  a  right  to  be  considered  and  a  claim  to  be  refiited,  in 
each  particular  case,  before  the  production  of  living  matter  in 
any  other  way  could  be  admittea  bj  careful  reasonera  It  will 
be  necessary  for  me  to  refer  to  this  hypothesis  so  frequcDtly, 
that,  to  save  circumlocution,  I  shall  call  it  the  hypothesis  of 
Biogenesis ;  and  I  shall  term  the  contrary  doctrine — ^that  living 
matter  may  be  produced  by  not  living  matter — the  hypothesis 
of  Ahiogenesis. 

In  the  seventeenth  centurv,  as  I  have  said,  the  latter  was  the 
dominant  view,  sanctioned  alike  by  antiquitv  and  by  authoritj; 
and  it  is  interesting  to  observe  that  Bedi  dia  not  escape  the  cus- 
tomary tax  upon  a  discoverer  of  having  to  defend  himself 
against  the  charge  of  impugning  the  authority  of  the  Scriptures; 
for  his  adversaries  declared  that  the  generation  of  bees  ttom  the 
carcase  of  a  dead  lion  is  affirmed,  in  the  Book  of  Judges,  to 
have  been  the  origin  of  the  famous  riddle  with  which  &Jiis(m 
perplexed  the  Philistines: — 

**  Out  of  the  eater  came  forth  meat, 
And  out  of  the  strong  came  forth  sweetness." 

Against  all  odds,  however,  Redi,  strong  with  the  strength  of 
demonstrable  fact,  did  splendid  battle  fer  Biogenesis ;  but  it 
is  remarkable  that  he  held  the  doctrine  m  a  sense  which,  if  he 
had  lived  in  these  times,  would  have  infallibly  caused  him  to 
be  classed  among  the  defenders  of  "  spontaneous  generation." 
"Omne  vivum  ex  vivo,"  "no  life  without  antecedent  life," 
aphoristically  sums  up  Redi's  doctrine  ;  but  he  went  no  further. 
It  is  most  remarkable  evidence  of  the  philosophic  caution  and 
impartiality  of  his  mind,  that  althougti  he  had  speculatively 
anticipated  the  manner  in  which  gnibs  really  are  deposited  in 
fruits  and  in  the  galls  of  plants,  he  deliberately  admits  that  the 
evidence  is  insufficient  to  bear  him  out ;  and  he  therefore  pre- 
fers the  supposition  that  they  are  generated  by  a  modificati(m 
of  the  living  substance  of  the  plants  themselvea  Indeed,  he 
regards  these  vegetable  growths  as  organs,  by  means  of  which 
the  plant  gives  rise  to  an  animal,  and  looks  upon  this  produc- 
tion of  specific  animals  as  the  final  cause  of  the  galls  and  of  at 
any  rate  some  fruit  And  he  proposes  to  explain  the  occur- 
rence of  parasites  within  the  animal  body  in  the  same  way. 

It  is  of  great  importance  to  apprehend  Kedi^s  porition  rightly; 
for  the  lines  of  thought  he  laid  down  for  us  are  those  upon 
which  naturalists  have  been  working  ever  since.  Clearly,  he 
held  Biogenesis  as  against  Ahiogenesis  ;  and  I  shall  immediately 
proceed,  in  the  first  place,  to  inquire  how  far  subsequent  inves- 
tigation has  borne  him  out  in  so  doing. 

But  Redi  also  thought  that  there  were  two  modes  of  Biogen- 
esia     By  the  one  method,  which  is  that  of  common  and  ordi- 
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Qary  occurrence,  the  living  parent  gives  rise  to  ofTspring  which 
[Misses  through  the  same  cvcle  of  changes  as  itself— like  gives 
rise  to  like ;  and  this  has  been  termed  Homogenesis.  By  the 
other  mode  the  living  parent  was  supposed  to  give  rise  to  off- 
spring which  passed  through  a  totally  different  series  of  states 
&om  those  exnibited  by  the  parent,  and  did  not  return  into  the 
tjvcle  of  the  parent ;  this  is  wnat  ought  to  be  called  HeterogenesiSj 
the  offspring  being  altogether,  and  permanently  unlike  the  parent 
The  term  Heterogenesis,  however,  has  unfortunately  been  used 
in  a  different  sense,  and  M.  Milne-Edwards  has  therefore  sub- 
stituted for  it  XenogenesiSj  which  means  the  generation  of  some- 
thing foreign.  After  discussing  Bedi's  hypothesis  of  universal 
Biogenesis,  then,  I  Bhall  go  on  to  ask  how  f&r  the  growth  of 
science  justifies  his  other  hypothesis  of  Xeno^enesis. 

The  progress  of  the  hypotnesis  of  Biogenesis  was  triumphant 
and  unchecked  for  nearly  a  centurv.  The  application  of  the 
microscope  to  anatomy  in  the  hands  of  Grew,  Leeuwenhoek, 
Swammerdam,  Lyonet,  Vallisnieri,  Beaumur,  and  other  illus- 
trious investigators  of  nature  of  that  day,  displayed  such  a  com- 
plexity of  organization  in  the  lowest  and  minutest  forms,  and 
everywhere  revealed  such  a  prodigality  of  provision  for  their 
multiplication  by  germs  of  one  sort  or  another,  that  the  hypo- 
thesis of  Abiogenesis  began  to  appear  not  only  untrue,  but  ab- 
surd ;  and,  in  me  middle  of  the  eighteenth  century,  when  Need- 
ham  and  Buffon  took  up  the  question,  it  was  almost  universally 
discredited 

But  the  skill  of  the  microscope-makers  of  the  eighteenth  cen- 
tury soon  reached  its  limit  A  microscope  magnifying  400 
diameters  was  a  chef  doeuvre  of  the  opticians  of  that  day ;  and 
at  the  same  time,  by  no  means  trustworthy.  But  a  magnifying 
power  of  400  diameters,  even  when  definition  reaches  the  exqui- 
site perfection  of  our  modem  achromatic  lenses,  hardly  suffices 
for  tne  mere  discernment  of  the  smallest  forms  of  life.  A  speck, 
only  -^jih  of  an  inch  in  diameter,  has,  at  10  inches  firom  the  eye, 
the  same  apparent  size  as  an  object  yiriT^th  of  an  inch  in  dia- 
meter, when  magnified  400  times ;  but  forms  of  living  matter 
abound,  the  diameter  of  which  is  not  more  than  riri^jth  of  an 
inch.  A  filtered  infusion  of  hay,  allowed  to  stand  for  two  days, 
will  swarm  with  living  things,  among  which,  any  which  reaches 
the  diameter  of  a  human  red  blood-corpuscle,  or  about  ^yv^th 
of  an  inch,  is  a  giant  It  is  only  by  bearmg  these  facts  in  mind, 
that  we  can  deal  fairly  with  the  remarkable  statements  and 
speculations  put  forward  by  Buffon  and  Needham  in  the  middle 
of  the  eighteenth  century. 

When  a  portion  of  anv  animal  or  vegetable  bodv  is  infused 
in  water,  it  gradually  souens  and  disinte^tes ;  and,  as  it  does 
so,  the  water  is  found  to  swarm  with  minute  active  creatures, 
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the  so-called  Infusorial  Animalcules,  none  of  which  can  be  seen, 
except  by  the  aid  of  the  microscope ;  while  a  large  proportian 
belong  to  the  category  of  smallest  things  of  which  I  have 
spoken,  and  which  must  have  all  looked  like  mere  dots  and 
hnes  under  the  ordinary  microscopes  of  the  eighteenth  centuiy. 

Led  bv  various  theoretical  considerations  which  I  cannot  now 
discuss,  but  which  looked  promising  enough  in  the  lights  of  that 
day,  Buffon  and  Needham  doubted  the  applicability  of  Bedi's 
hypothesis  to  the  infusorial  animalcules,  and  Neraham  very 
properly  endeavored  to  put  the  question  to  an  experimental 
test.  He  said  to  himself,  if  these  infusorial  animalcules  come 
from  germs,  their  germs  must  exist  either  in  the  substance  in- 
fused, or  in  the  water  in  which  the  infusidn  is  made,  or  in  the 
superjacent  air.  Now  the  vitality  of  all  germs  is  destroyed  by 
heat  Therefore,  if  I  boil  the  infusion,  cork  it  up  carefullr, 
cementing  the  cork  over  with  mastic,  and  then  heat  the  whole 
vassel  by  heaping  hot  ashes  over  it,  t  must  needs  kill  whatever 
germs  are  present  Consequently,  if  Redi's  hypothesis  hold 
good,  when  the  fusion  is  taken  away  and  allowed  to  cool,  no 
animalcules  ought  to  be  developed  in  it ;  whereas,  if  the  animal- 
cules are  not  dependent  on  pre-existing  germs,  but  are  generated 
fix)m  the  infused  substance,  they  ought,  by-and-by,  to  make 
their  appearance.  Needham  found  that,  under  tne  circum- 
stances in  which  he  made  his  experiments,  animalcules  always 
did  arise  in  the  infusions,  when  a  sufficient  time  had  elapsed  to 
allow  for  their  development 

In  much  of  his  wprk  Needham  was  associated  with  Buffon, 
and  the  results  of  their  experiments  fitted  in  admirably  with 
the  great  French  naturalist's  hypothesis  of  "  organic  molecules,'' 
according  to  which,  life  is  the  indefeasible  property  of  certain 
indestructible  molecules  of  matter,  which  exist  in  all  living 
things,  and  have  inherent  activities  by  which  they  are  distin- 
guished from  not  living  matter.  Each  individual  living  orcan- 
ism  is  formed  by  their  temporary  combination.  They  stand  to 
it  in  the  relation  of  the  particles  of  water  to  a  cascade,  or  a 
whirlpool ;  or  to  a  mould,  into  which  the  water  is  poured.  The 
form  of  the  organism  is  thus  determined  by  the  reaction  be- 
tween external  conditions  and  the  inherent  activities  of  the 
organic  molecules  of  which  it  is  composed ;  and,  as  the  stop- 
page of  the  whirlpool  destroys  nothing  but  a  form,  and  leaves 
the  molecules  of  the  water,  with  all  their  inherent  activities  intact, 
so  what  we  call  the  death  and  putrefraction  of  an  animal,  or  of 
a  plant,  is  merely  the  breaking  up  of  the  form,  or  manner  of 
association,  of  its  constituent  organic  molecules,  which  are  then 
set  free  as  infusorial  animalcules. 

It  will  be  perceived  that  this  doctrine  is  by  no  means  identi- 
cal with  Abiogenesf's,  with  which  it  is  often  confounded.    On 
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this  hypothesis,  a  piece  of  beef,  or  a  handful  of  hay,  is  dead 
only  in  a  limited  sense.  The  beef  is  dead  ox,  and  the  hay  is 
dead  grass ;  but  the  "  organic  molecules ''  of  the  beef  or  the 
hay  are  not  dead,  but  are  ready  to  manifest  their  vitality  as 
soon  as  the  bovine  or  herbaceous  shrouds  in  which  they  are 
imprisoned  are  rent  by  the  macerating  action  of  water.  The 
hypothesis  therefore  must  be  classified  under  Xeno^enesis,  rather 
than  under  Abiogenesis.  Such  as  it  was,  I  think  it  will  appear, 
to  those  who  will  be  just  enough  to  remember  that  it  was  pro- 
pounded before  the  birth  of  modem  chemistry,  and  of  the 
modem  optical  arts,  to  be  a  most  ingenious  and  suggestive 
speculation. 

But  the  great  tragedy  of  Science — the  sla3dng  of  a  beautiful 
hypothesis  by  an  ugly  fact — ^which  is  so  constantly  being  enacted 
under  the  eyes  of  philosophers,  was  played,  almost  immediately, 
for  the  benefit  of  ^uflfon  and  Needham. 

Once  more,  an  Italian,  the  Abbe  Spallanzani,  a  worthy  suc- 
cessor and  representative  of  Eedi  in  his  acutcness,  his  ingenuity, 
and  his  learning,  subjected  the  experiments  and  the  conclusions 
of  Needham  to  a  searching  criticism.  It  might  be  true  that 
Needham's  experiments  yielded  results  such  as  he  had  described, 
but  did  they  bear  out  his  arguments  ?  Was  it  not  possible,  in 
the  first  place,  that  he  had  not  completely  excluded  the  air  by 
his  corks  and  mastic  ?  And  was  it  not  possible,  in  the  second 
place,  that  he  had  not  sufficiently  heated  nis  infusions  and  the 
superjacent  air?  Spallanzani  joined  issue  with  the  Enghsh 
naturalist  on  both  these  pleas,  and  he  showed  that  if,  in  the  first 
place,  the  glass  vessels  in  which  the  infusions  were  contained 
were  hermetically  sealed  by  fusing  their  necks,  and  if,  in  the 
second  place,  they  were  exposed  to  the  temperature  of  boiling 
water  for  three-quarters  of  an  hour,*  no  animalcules  ever  made 
their  appearance  within  them.  It  must  be  admitted  that  the 
experiments  and  arguments  of  Spallanzani  furnish  a  complete 
and  a  crushing  reply  to  those  of  N  eedham.  But  we  all  too  often 
foiiget  that  it  is  one  thing  to  refute  a  proposition,  and  another  to 
prove  the  truth  of  a  doctrine  which,  implicitly  or  explicitly, 
contradicts  that  proposition,  and  the  advance  of  science  soon 
showed  that  though  Needham  might  be  quite  wrong,  it  did  not 
follow  that  Spallanzani  was  quite  right. 

Modem  chemistry,  the  birth  of  tne  latter  half  of  the  eigh- 
teenth century,  grew  apace,  and  soon  found  herself  face  to  face 
with  the  great  problems  which  biology  had  vainly  tried  to  at- 
tack without  her  help.  The  discoverv  of  oxygen  led  to  the 
laying  of  the  foundations  of  a  scientific  theory  of  respiration, 
and  to  an  examination  of  the  marvellous  interactions  of  organic 
substances  with  oxygen.  The  presence  of  free  oxygen  appeared 
to  be  one  of  the  conditions  of  the  existence  of  life,  and  of  those 

*  See  SpallaDzani,  '*  Opere,"  vi,  pp.  42  and  61. 
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singular  changes  in  organic  matters  which  are  known  as  fo- 
mentation ana  putrefaction.  The  question  of  the  generation 
of  the  infiisory  animalcules  thus  passed  into  a  new  phase.  For 
what  might  not  have  happened  to  the  organic  matter  of  the 
infusions,  or  to  the  oxygen  of  the  air,  in  Spallanzani's  expoi* 
ments  ?  What  security  was  there  that  the  aevelopment  of  life 
which  ought  to  have  taken  place  had  not  been  checked  or  pre- 
vented by  these  changes  ? 

The  battle  had  to  be  fought  again.  It  was  needful  to  repeat 
the  experiments  under  conditions  which  would  make  sure  that 
neither  the  oxygen  of  the  air,  nor  the  composition  of  the  organie 
matter,  was  altered  in  such  a  manner  as  to  interfere  with  the 
existence  of  life. 

Schulze  and  Schwann  took  up  the  question  firom  this  point 
of  view  in  1836  and  1837.  The  passage  of  air  through  red-hot 
glass  tubes,  or  through  strong  sulphuric  acid,  does  not  alter  the 
proportion  of  its  oxygen,  while  it  must  needs  arrest  or  destroy 
any  organic  matter  which  may  be  contained  in  the  air.  These 
experimenters,  therefore,  contrived  arrangements  by  which  the 
only  air  which  should  come  into  contact  with  a  boiled  infdsioa 
should  be  such  as  had  either  passed  through  red-hot  tubes  ot 
through  strong  sulphuric  acid.  The  result  which  they  obtained 
was  that  an  infusion  so  treated  developed  no  living  things,  while 
if  tiie  same  infusion  was  afterwards  exposed  to  the  air  sach 
things  appeared  rapidly  and  abundantly.  The  accuracy  of  these 
experiments  has  been  alternately  denied  and  affirmed.  Suppos- 
ing them  to  be  accepted,  however,  aU  that  thev  really  proved 
was  that  the  treatment  to  which  the  air  was  subjected  destroyed, 
sometht/ng  that  was  essential  to  the  development  of  life  in"  &e 
infusion.  This  "  something"  might  be  gaseous,  fluid,  or  sohd; 
that  it  consisted  of  germs  remained  only  an  hypothesis  of  greater 
or  less  probability. 

Contemporaneously  with  these  investigations  a  remarkable 
discovery  was  made  oy  Cagniard  de  la  Tour.  He  found  that 
common  yeast  is  composed  of  a  vast  accumulation  of  minute 
plants.  The  fermentation  of  must  or  wort  in  the  &brication 
of  wine  and  of  beer  is  always  accompanied  by  the  rapid  growth 
and  multiplication  of  these  ToruliB,  Thus  lermentation,  in  so 
far  as  it  was  accompanied  by  the  development  of  microscopical 
organisms  in  enormous  numbers,  became  assimilated  to  the  de- 
composition of  an  infusion  of  ordinary  animal  or  vegetable 
matter ;  and  it  was  an  obvious  suggestion  that  the  organisms 
were,  in  some  way  or  other,  the  causes  both  of  fermentation  and 
of  putrefaction.  The  chemists,  with  Berzelius  and  Liebig  at 
then-  head,  at  first  laughed  this  idea  to  scorn ;  but  in  1848,  a 
man  then  very  young,  who  has  since  performed  the  unexampled 
feat  of  attaining  to  high  eminence  alike  in  Mathematics,  Physics, 
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uid  Physiology — I  speak  of  the  illustrious  Helmholtz — ^reduced 
bhe  matter  to  the  test  of  experiment  by  a  method  alike  elegant 
uid  conclusiva  Helmholtz  separated  a  putrefying  or  a  fer- 
DQenting  liquid  from  one  which  was  simply  putrescible  or  fer- 
mentable by  a  membrane  which  allowed  the  fluids  to  pass 
bhrough  and  become  intermixed,  but  stopped  the  passage  of 
solids.  The  result  was,  that  while  the  putrescible  or  the  fer- 
mentable liquids  became  impregnated  with  the  results  of  the 
putrescence  or  fermentation  which  was  going  on  on  the  other 
Bide  of  the  membrane,  they  neither  putrefied  (in  the  ordinary 
way)  nor  fermented;  nor  were  any  of  the  organisms  which 
abounded  in  the  fermenting  or  putrefying  liquid  generated  in 
them.  Therefore  the  cause  of  the  development  of  these  organ- 
isms must  lie  in  something  which  cannot  pass  through  mem- 
branes ;  and  as  Helmholtz  s  investigations  were  long  antecedent 
to  Graham's  researches  upon  colloids,  his  natural  conclusion 
was  that  the  agent  thus  intercepted  must  be  a  solid  material. 
In  point  of  fact,  Helmholtz's  experiments  narrowed  the  issue 
to  this :  that  which  excites  fermentation  and  putrefaction,  and 
at  the  same  time  gives  rise  to  living  forms  in  a  fermentable  or 

Eutrescible  fluid,  is  not  a  gas  and  is  not  a  diffusible  fluid ;  there- 
)re  it  is  either  a  colloid,  or  it  is  a  matter  divided  into  veiy 
minute  solid  particles. 

The  researches  of  Schroeder  and  Dusch  in  1854,  and  of 
Schroeder  alone,  in  1859,  cleared  up  this  point  by  experiments 
which  are  simply  refinements  upon  those  of  EedL  A  lump  of 
C5otton-wool  is,  physically  speaking,  a  pile  of  many  thicknesses 
of  a  very  fine  gauze,  the  fineness  of  the  meshes  of  which  de- 
pends upon  the  closeness  of  the  compression  of  the  wool. 
Now,  Schroeder  and  Dusch  found,  that,  in  the  case  of  all  the 
putrefiable  materials  which  they  used  (except  milk  and  yolk  of 
egg),  an  infusion  boiled,  and  then  allowed  to  come  into  contact 
with  no  air  but  such  as  had  been  filtered  through  cotton-wool, 
neither  putrefied  nor  fermented,  nor  developed  living  forms.  It 
is  hard  to  imagine  what  the  fine  sieve  formed  by  the  cotton-wool 
could  have  stopped  except  minute  solid  particles^  Still  the 
evidence  was  incomplete  until  it  had  been  positively  shown, 
first,  that  ordinary  air  does  contain  such  particles ;  and,  secondly, 
that  filtration  through  cotton-wool  arrests  these  particles  and 
allows  only  physically  pure  air  to  pass.  This  demonstration 
has  been  nimished  within  the  last  year  by  the  remarkable  ex- 
periments of  Professor  TyndalL  It  has  been  a  common  objec- 
tion of  Abiogenists  that,  if  the  doctrine  of  Biogeny  is  true, 
the  air  must  be  thick  with  germs ;  and  they  regam  this  as  the 
height  of  absurdity.  But  Nature  occassionally  is  exceedingly 
unreasonable,  and  Professor  Tyndall  has  provea  that  this  partic- 
ular absurdity  may  nevertheless  be  a  reality.    He  has  demon- 
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strated  that  ordinary  air  is  no  better  than  a  sort  of  stir-about  of 
excessively  ininute  solid  particles ;  that  these  particles  are  almoBt 
wholly  destructible  by  heat ;  and  that  they  are  strained  off,  and 
the  air  rendered  optically  pure  by  being  passed  through  cotton- 
wool. 

But  it  remains  yet  in  the  order  of  logic,  though  not  of  hia- 
tory,  to  show  that  among  these  solid  destructible  particles  there 
really  do  exist  germs  capable  of  giving  rise  to  the  development 
of  living  forms  in  suitable  menstrua.  This  piece  of  wo  A  wm 
done  bv  M.  Pasteur,  in  those  beautiful  researches  which  will 
ever  render  his  name  famous ;  and  which,  in  spite  of  all  attacb 
upon  them,  appear  to  me  now,  as  they  did  seven  years  ago,*  to 
be  models  of  accurate  experimentation  and  lo^cal  reasoning. 
He  strained  air  through  cotton- wool,  and  found,  as  Schroeder 
and  Dusch  had  done,  that  it  contained  nothing  competent  to 
give  rise  to  the  development  of  life  in  fluids  highly  fitted  for 
that  purpose.  But  the  important  further  links  in  the  chain  of 
evidence  added  by  Pasteur  are  three.  In  the  first  place  he  sab- 
jected  to  microscopic  examination  the  cotton-wool  which  had 
served  as  strainer,  and  found  that  sundry  bodies  clearly  recog- 
nizable as  germs,  were  among  the  solid  particles  strained  off 
Secondly,  he  proved  that  these  germs  were  competent  to  give 
rise  to  living  forms  by  simply  sowing  them  in  a  solution  fitted 
for  their  development  And,  thirdly,  he  showed  that  the  in- 
capacity of  air  strained  through  cotton-wool  to  give  rise  to  life^ 
was  not  due  to  any  occult  change  effected  in  constituents  of  the 
air  by  the  wool,  by  proving  that  the  cotton-wool  might  be  dis- 
pensed with  altogether,  and  perfectly  free  access  left  between 
the  exterior  air  and  that  in  the  experimental  flask.  If  the  neck 
of  the  flask  is  drawn  out  into  a  tube  and  bent  downward ;  wid 
if,  after  the  contained  fluid  has  been  carefully  boiled,  the  tube 
is  heated  sufficiently  to  destroy  any  germs  which  may  be  present 
in  the  air  which  enters  as  the  fluid  cools,  the  apparatus  may  be 
left  to  itself  for  any  time,  and  no  life  will  appear  in  the  nuid. 
The  reason  is  plain.  Although  there  is  free  communication  be- 
tween the  atmosphere  laden  with  germs  and  the  germless  air  in 
the  flask,  contact  between  the  two  takes  place  only  in  the  tube; 
and  as  the  germs  cannot  fall  upward,  and  there  are  no  currents, 
they  never  reach  the  interior  of  the  flask.  But  if  the  tube  be 
broken  short  off  where  it  proceeds  from  the  flask,  and  free  ac- 
cess be  thus  given  to  germs  falling  vertically  out  of  the  air,  the 
fluid  which  has  remained  clear  and  desert  for  months,  becomes, 
in  a  few  days  turbid  and  full  of  lifa 

These  experiments  have  been  repeated  over  and  over  again 
by  indepenaent  observers  with  entire  success ;  and  there  is  one 

*  ''  Lectures  to  Working  Men  on  the  Onuses  of  the  Phenomena  of  Organic  Ka> 
ture."  1863. 
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ry  simple  mode  of  seeing  the  fiicts  for  oneself,  which  I  may 
well  describa 

Prepare  a  solution  (much  used  by  M.  Pasteur,  and  often 
led  "  Pasteur's  solution  ")  composed  of  water  with  tartrate  of 
imonia,  sugar,  and  yeast-ash  dissolved  therein.*  Divide  it 
»  three  portions  in  as  many  flasks ;  boil  all  three  for  a  quar- 
'  of  an  hour ;  and,  while  the  steam  is  passing  out,  stop  the 
sk  of  one  with  a  large  plug  of  cotton- wool,  so  that  this  also 
IV  be  thoroughly  steamed.  Now  set  the  flasks  aside  to  cool, 
1  when  their  contents  are  cold,  add  to  one  of  the  open  ones 
Irop  of  filtered  infusion  of  hay  which  has  stood  for  twenty- 
ir  hours,  and  is  consequently  full  of  the  active  and  exces- 
ely  minute  organisms  known  as  Bacteria,  In  a  couple  of 
ys  of  ordinary  warm  weather  the  contents  of  this  fla^k  will 
milky  from  the  enormous  multiplication  of  Bacteria.  The 
ler  flask,  open  and  exposed  to  the  air,  will,  sooner  or  later, 
come  milky  with  Bacteria,  and  patches  of  mould  may  appear 
it ;  while  the  liquid  in  the  flask,  the  neck  of  which  is  plugged 
th  cotton-wool,  will  remain  clear  for  an  indefinite  tima  I 
ve  sought  in  vain  for  any  explanation  of  these  facts,  except 
3  obvious  one,  that  the  air  contains  germs  competent  to  give 
e  to  Bacteria,  such  as  those  with  which  the  first  solution  has 
en  knowingly  and  purposely  inoculated,  and  to  the  mould- 
mgi  And  I  have  not  yet  been  able  to  meet  with  any  advo- 
56  of  Abiogenesis  who  seriously  maintains  that  the  atoms  of 
^r,  tartrate  of  ammonia,  yeast-ash,  and  water,  under  no  influ- 
se  but  that  of  free  access  of  air  and  the  ordinary  tempera- 
ne,  rearrange  themselves  and  give  rise  to  the  protoplasm  of 
iderium.  Jout  the  alternative  is  to  admit  that  these  Bacteria 
se  from  germs  in  the  air ;  and  if  they  are  thus  propagated, 
3  burden  of  proof  that  other  like  forms  are  genemted  in  a 
Ferent  manner,  must  rest  with  the  assertor  of  that  proposition. 
To  sum  up  the  effect  of  this  long  chain  of  evidence : — 
It  is  demonstrable  that  a  fluid  eminently  fit  for  the  develop- 
mt  of  the  lowest  forms  of  life,  but  wnich  contains  neither 
rms,  nor  any  protein  compound,  gives  rise  to  living  things  in 
3at  abundance  if  it  is  exposed  to  ordinary  air,  while  no  such 
velopment  takes  place  if  the  air  with  which  it  is  in  contact  is 
jchanically  freed  from  the  solid  particles  which  ordinarily 
at  in  it,  and  which  may  be  made  visible  by  appropriate  meana 
It  is  demonstrable  that  the  great  majority  oi  these  particles 
i  destructible  by  heat,  and  that  some  of  them  are  germs  or 
ing  particles,  capable  of  giving  rise  to  the  same  forms  of  life 
those  which  appear  when  the  fluid  is  exposed  to  unpurified 

'  InftitioD  of  haj  treated  in  the  same  waj  yields  similar  results;  but  as  it  con- 
is  organic  matter,  the  argument  which  follows  cannot  be  based  upon  it 
M.  JouB.  Sci.— Second  Sbribs,  Vol,  L,  No.  150.— Nov.,  1870. 
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It  is  demonstrable  that  inoculation  of  the  experimental  fluid 
with  a  drop  of  liquid  known  to  contain  living  particles,  gives 
rise  to  the  same  pnenomena  as  exposure  to  unpurified  air. 

And  it  is  further  certain  that  these  living  particles  are  so  mi- 
nute that  the  assumption  of  their  suspension  in  ordinary  air, 
presents  not  the  slightest  difficulty.  On  the  contrary,  consider- 
ing their  lightness  and  the  wide  diffusion  of  the  organisms 
which  produce  them,  it  is  impossible  to  conceive  that  they 
should  not  be  suspended  in  the  atmosphere  in  myiiad& 

Thus  the  evidence,  direct  and  indirect,  in  favor  of  Biogenmt 
for  all  known  forms  of  life  must,  I  think,  be  admitted  to  be  of 
great  weight 

On  the  other  side,  the  sole  assertions  worthy  of  attention  are 
that  hermetically  sealed  fluids,  which  have  been  exposed  to 
great  and  long-continued  heat,  have  sometimes  exhibited  Uving 
forms  of  low  organization,  when  they  have  been  opened.* 

The  first  reply  that  suggests  itself  is  the  probability  that  there 
must  be  some  error  about  these  experiments,  because  they  are 
performed  on  an  enormous  scale  every  day  with  quite  contrary 
results.  Meat,  fruits,  v^etables,  the  very  materials  of  the  most 
fermentable  and  putrescible  infusions  are  preserved  to  the  ex- 
tent, I  suppose  I  may  say,  of  thousands  of  tons  every  year,  by 
a  method  which  is  a  mere  application  of  Spallanzani's  expen- 
ment  The  matters  to  be  preserved  are  well  boiled  in  a  tin  case 
provided  with  a  small  hole,  and  this  hole  is  soldered  up  when 
all  the  air  in  the  case  has  been  replaced  by  steam.  6y  this 
method  they  may  be  kept  for  years  without  putrefying,  fer- 
menting, or  getting  mouldy.  Now  this  is  not  because  oxygen 
is  excluded,  inasmuch  as  it  is  now  proved  that  free  oxygen  is 
not  necessary  for  either  fermentation  or  putrefaction.  It  is  not 
because  the  tins  are  exhausted  of  air,  for  Vibriones  and  Bofiena 
live,  as  Pasteur  has  shown,  without  air  or  free  oxygeiL  It  is 
not  because  the  boiled  meats  or  vegetables  are  not  putrescible 
or  fermentable,  as  those  who  have  had  the  misfortune  to  be  in 
a  ship  supplied  with  unskillfully  closed  tins  well  know.  What 
is  it,  therefore,  but  the  exclusion  of  germs?  I  think  that  Abio- 
genLsts  are  bound  to  answer  this  question  before  they  ask  us  to 
consider  new  experiments  of  precisely  the  same  order. 

And  in  the  next  place,  if  the  results  of  the  experiments  I 
refer  to  are  really  trust- worthy,  it  by  no  means  follows  that 
Abiogenesis  has  taken  placa  The  resistance  of  living  matter 
to  heat  is  known  to  vary  within  considerable  limits,  and  to  de- 
pend, to  some  extent,  upon  the  chemical  and  physical  qualities 
of  the  surrounding  medium.     But  i^  in  the  present  state  of 

*  For  a  full  account  of  the  most  recent  series  of  experiments  of  this  deso^ 
tion,  SCO  Dr.  H.  C.  Bastian's  paper  in  Nature,  No.  xxxt,  p.  170;  Na  zxxri^p. 
193;  and  No.  zxxvii,  p.  219. 
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science,  the  alternative  is  oflFered  us,  either  germs  can  stand  a 
greater  heat  than  has  been  supposed,  or  the  molecules  of  dead 
matter,  for  no  valid  or  intelligible  reason  that  is  assigned,  are 
able  to  rearrange  themselves  mto  living  bodies,  exactly  such  as 
can  be  demonstrated  to  be  fre(]^uently  produced  in  another  way, 
I  cannot  understand  how  choice  can  be,  even  for  a  moment, 
doubtfdL 

But  though  I  cannot  express  this  conviction  of  mine  too 
strongiv,  I  must  carefully  guard  myself  against  the  supposition 
that  I  mtend  to  suggest  that  no  such  thing  as  Abiogenesis  ever 
has  taken  place  in  the  past  or  ever  will  taKe  place  in  the  future. 
With  organic  chemistry,  molecular  physics,  and  physiologv  yet 
in  their  mfancy,  and  every  day  making  prodigious  strides,  I 
think  it  would  be  the  height  oi  presumption  for  any  man  to  say 
that  the  conditions  under  which  matter  assumes  the  properties 
we  call  "  vital "  may  not,  some  day,  be  artificially  brought  to- 
gether. All  I  feel  justified  in  affirming  is  that  I  see  no  reason 
K>r  believing  that  the  feat  has  been  performed  yet. 

And  looking  back  through  the  prodigious  vista  of  the  past,  I 
find  no  record  of  the  commencement  of  life,  and  therefore  I  am 
devoid  of  any  means  of  forming  a  definite  conclusion  as  to  the 
conditions  of  its  appearance.  Joelief,  in  the  scientific  sense  of 
the  word,  is  a  serious  matter,  and  needs  strong  foundations.  To 
say,  therefore,  in  the  admitted  absence  of  evidence,  that  I  have 
any  belief  as  to  the  mode  in  which  the  existing  forms  of  life 
have  originated,  would  be  using  words  in  a  wrong  sensa  But 
expectation  is  permissible  where  belief  is  not ;  and  if  it  were 
given  me  to  look  beyond  the  abyss  of  geologically  recorded 
time  to  the  still  more  remote  period  when  the  earth  was  passing 
through  physical  and  chemical  conditions,  which  it  can  no  more 
see  again  than  a  man  can  recall  his  infancy,  I  should  expect  to 
be  a  witness  of  the  evolution  of  living  protoplasm  from  not  liv- 
ing matter.  I  should  expect  to  see  it  appear  under  forms  of 
great  simplicity,  endowed,  like  existing  mngi,  with  the  power 
of  determining  the  formation  of  new  protoplasm,  from  such  mat- 
ters as  ammonium  carbonates,  oxalates  and  tartrates,  alkaline 
and  earthy  phosphates,  and  water,  without  the  aid  of  light 
That  is  the  expectation  to  which  analogical  reasoning  leads  me ; 
but  I  beg  you  once  more  to  recollect  that  I  have  no  right  to  call 
my  opinion  anything  but  an  act  of  philosophical  faith. 

So  much  for  the  history  of  the  progress  of  Redi*s  great  doc- 
trine of  Biogenesis,  which  appears  to  me,  with  the  limitations  I 
have  expressed,  to  be  victonous  along  the  whole  line  at  the 
present  day. 

,^p,  As  regards  the  second  problem  oflered  to  us  by  Redi,  whether 

^enogenesis  obtains,  side  by  side  with  Homogenesis ;  whether, 

that  is,  there  exist  not  only  the  ordinary  living  things,  giving 
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rise  to  oflFspring  which  run  through  the  same  cycle  as  them- 
selves, but  also  others,  producing  oflfspring  which  are  of  a  total- 
ly difterent  character  from  themselves,  the  researches  of  two 
centuries  have  led  to  a  different  result.  That  the  grubs  found 
in  galls  are  no  product  of  the  plants  on  which  the  galls  grow, 
but  are  the  result  of  the  introauction  of  the  eggs  of  insects  into 
the  substance  of  these  plants,  was  made  out  by  ValliBnieri, 
Eeaumur,  and  others,  before  the  end  of  the  first  half  of  the 
eighteenth  century.  The  tapeworms,  bladderworms,  and  flukes 
continued  to  be  a  stronghold  of  the  advocates  of  Xenc^enesifl 
for  a  much  longer  period.  Indeed,  it  is  only  within  the  last 
thirty  years  that  the  splendid  patience  of  Von  Siebold,  Van 
Beneden,  Leuckart,  Kuchenmeister,  and  other  helmintholc^sts, 
has  succeeded  in  tracing  every  such  parasite,  often  through  the 
strangest  wanderings  and  metamorphoses,  to  an  ^g  derived 
from  a  parent,  actually  or  potentially  like  itself;  and  the  ten- 
dency of  inquiries  elsewhere  has  all  been  in  the  same  direction. 
A  plant  may  throw  off  bulbs,  but  these,  sooner  or  later,  give 
rise  to  seeds  or  spoi*es,  which  develop  into  the  original  loraL 
A  polyp  may  give  rise  to  Medusae,  or  a  pluteus  to  an  Echino- 
derm,  but  the  Medusa  and  the  Echinoderm  give  rise  to  ^gs 
which  produce  polyps  or  plutei,  and  they  are  therefore  only 
stages  m  the  cycle  of  life  of  the  species. 

But  if  we  turn  to  pathology,  it  offers  us  some  remarkable 
approximations  to  true  Xenogenesis. 

As  I  have  already  mentioned,  it  has  been  known  since  the 
time  of  Vallisnieri  and  of  Reaumur,  that  galls  in  plants,  and 
tumors  in  cattle,  are  caused  by  insects,  which  lay  their  ^ss  in 
those  parts  of  the  animal  or  vegetable  frame  of  which  uiese 
morbid  stinictures  are  outgrowths.  Again,  it  is  a  matter  of 
familiar  experience  to  everybody  that  mere  pressure  on  the  skin 
will  give  rise  to  a  com.  Is  ow  tiie  gall,  the  tumor,  and  the  com 
are  parts  of  the  living  body,  which  have  become,  to  a  certain 
degree,  independent  and  distinct  organisms.  Under  the  influ- 
ence of  certain  external  conditions,  elements  of  the  body,  which 
should  have  developed  in  due  subordination  to  its  general  plan, 
set  up  for  themselves  and  apply  the  nourishment  which  they 
receive  to  their  own  purposes. 

From  such  innocent  productions  as  corns  and  warts,  there  are 
all  gradations  to  the  serious  tumors  which,  by  their  mere  size 
and  the  mechanical  obstruction  they  cause,  destroy  the  organ- 
ism out  of  which  they  are  developed ;  while,  finally,  in  those 
terrible  structures  known  as  cancers,  the  abnormal  growth  has 
acquired  powers  of  reproduction  and  multiplication,  and  is  only 
morphologically  distinguishable  from  the  parasite  worm,  the  life 
of  which  IS  neither  more  nor  less  closely  bound  up  with  that  of 
the  infested  organism. 
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K  there  were  a  kind  of  diseased  structure,  the  histological 
elements  of  which  were  capable  of  maintaining  a  separate  and 
independent  existence  out  of  the  body,  it  seems  to  me  that  the 
shaaowy  boundary  between  morbid  growth  and  Xenogenesis 
would  be  eJBFaced.  And  I  am  inclined  to  think  that  the  pro- 
gress of  discovery  has  almost  brought  us  to  this  point  already. 
I  have  been  favored  by  Mr.  Simon  with  an  early  copy  of  the 
last  published  of  the  valuable  "  Reports  on  the  Public  Health," 
whicn,  in  his  capacity  of  their  medical  officer,  he  annually  pre- 
sents to  the  Lords  of  the  Privy  Council.  The  appendix  to  this 
report  contains  an  introductory  essay  "  On  the  Intimate  Pathol- 
ogy of  Contagion,"  by  Dr.  Burdon  Sanderson,  which  is  one  of 
the  clearest,  most  comprehensive,  and  well-reasoned  discussions 
of  a  great  question  which  has  come  under  my  notice  for  a  long 
time.  I  refer  you  to  it  for  details  and  for  the  authorities  for 
the  statements  I  am  about  to  maka 

You  are  familiar  with  what  happens  in  vaccination.  A  mi- 
nute cut  is  made  in  the  skin,  and  an  infinitesimal  quantity  of 
vaccine  matter  is  inserted  into  the  wound.  Within  a  certain 
time  a  vesicle  appears  in  the  place  of  the  wound,  and  the  fluid 
which  distends  this  vesicle  is  vaccine  matter,  in  quantity  a  hun- 
dred or  a  thousandfold  that  which  was  originally  inserted. 
Now  what  has  taken  place  in  the  course  of  this  operation  ? 
Has  the  vaccine  matter,  by  its  irritative  property,  produced  a 
mere  blister,  the  fluid  of  which  has  the  same  imtative  proper- 
ty ?  Or  does  the  vaccine  matter  contain  living  particles,  which 
liave  grown  and  multiplied  where  they  have  oeen  planted  ? 
The  observations  of  M.  Chauveau,  extended  and  confirmed  bj 
Dr.  Sanderson  himself,  appear  to  leave  no  doubt  upon  this 
head.  Experiments,  similar  in  principle  to  those  of  Helmholtz 
on  fermentation  and  putrefaction,  have  proved  that  the  active 
element  in  the  vaccine  lymph  is  non-diffusible,  and  consists  of 
minute  particles  not  exceeding  2-7^^75  7  of  an  inch  in  diameter, 
which  are  made  visible  in  the  lymph  by  the  microscopa  Sim- 
ilar experiments  have  proved  that  two  of  the  most  destructive 
of  epizootic  diseases,  sheep-pox  and  glanders,  are  also  depend- 
ent for  their  existence  and  their  propagation  upon  extremely 
small  living  solid  particles,  to  which  the  title  of  microzymes  is 
applied.  An  animal  suffering  under  either  of  these  terrible 
diseases  is  a  source  of  infection  and  contagion  to  others,  for 

Erecisely  the  same  reason  as  a  tub  of  fermenting  beer  is  capa- 
le  of  propagating  its  fermentation  by  "  infection,"  or  "  conta- 
gion," to  fresh  wort  In  both  cases  it  is  the  solid  living  parti- 
cles which  are  efficient ;  the  liquid  in  which  they  float,  and  at 
the  expense  of  which  they  live,  being  altogether  passive. 

Now  arises  the  question,  are  these  microzymes  the  results  of 
Homoyenesisj  or  of  Xenogenesis ;  are  they  capable,  like  the  To- 
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mice  of  yeast,  of  arising  only  by  the  development  of  preexist- 
ing germs ;  or  may  they  be,  like  the  constituents  of  a  nutgall, 
the  results  of  a  modification  and  individualization  of  the  tissues 
of  the  body  in  which  they  are  found,  resulting  fix)m  the  opera- 
tion of  certain  conditions  r  Are  they  parasites  in  the  zoologi- 
cal sense,  or  are  thOT  merely  what  Virchow  has  called  "  hetero- 
logous growth?"  U  is  obvious  that  this  question  has  the  most 
profound  importance,  whether  we  look  at  it  fix)m  a  practical  or 
trom  a  theoretical  point  of  view.  A  parasite  may  oe  stamped 
out  by  destroying  its  germs,  but  a  pathological  product  can 
only  be  annimlated  by  removing  the  conditions  which  give  rise 
to  it 

It  appears  to  me  that  this  great  problem  will  have  to  be  solved 
for  each  zymotic  disease  separately,  for  analogy  cuts  two  ways. 
I  have  dwelt  upon  the  analogy  of  pathological  modification, 
which  is  in  favor  of  the  xenogenetic  origin  of  microzymes ;  but 
I  must  now  speak  of  the  equally  strong  analogies  in  favor  of 
the  origin  of  such  pestiferous  particles  by  the  ordinary  procees 
of  the  generation  of  like  from  lika 

It  is,  at  present,  a  well-established  fact  that  certain  diseases, 
both  of  plants  and  of  animals,  which  have  all  the  characters  of 
contagious  and  infectious  epidemics,  are  caused  by  minute  or- 
ganisms. The  smut  of  wheat  is  a  well-known  instance  of  such 
a  disease,  and  it  cannot  be  doubted  that  the  grape-disease  and 
the  potato-disease  fall  under  the  same  category.  Among  ani- 
mals, insects  are  wonderfully  liable  to  the  ravages  of  contagious 
and  infectious  diseases  caused  by  microscopic  Fungi, 

In  autumn,  it  is  not  uncommon  to  see  flies,  motionless  upon  a 
window-pane,  with  a  sort  of  magic  circle,  in  white,  drawn  round 
them.  On  microscopic  examination^  the  magic  circle  is  found 
to  consist  of  innumerable  spores,  which  have  been  thrown  ofi^  in 
all  directions  by  a  minute  fungus  called  Empusa  musccej  the 
spore-forming  filaments  of  which  stand  out  like  a  pile  of  velvet 
from  the  body  of  the  fly.  These  spore-forming  filaments  are 
connected  witn  others  wnich  fill  the  interior  of  the  fly's  body 
like  so  much  fine  wool,  having  eaten  away  and  destroyed  the 
creature's  viscera.  This  is  the  full-grown  condition  of  the 
Umpicsa,  If  traced  back  to  its  earlier  stages,  in  flies  which  are 
still  active,  and  to  all  appearance  healthy,  it  is  found  to  exist  in 
the  form  of  minute  corpuscles  which  float  in  the  blood  of  the 
fly.  These  multiply  and  lengthen  into  filaments,  at  the  expense 
of  the  fly's  substance ;  and  when  they  have  at  last  killea  the 
patient,  they  grow  out  of  its  body  and  give  off  spores.  Healthy 
flies  shut  up  with  diseased  ones  catch  this  mortal  disease  and 
perish  like  the  others.  A  most  competent  observer,  M.  Cohn, 
who  studied  the  development  of  the  Empusa  in  the  fly  veiy 
carefully,  was  utterly  unable  to  discover  in  what  manner  the 
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smallest  germs  of  the  Mnptisa  got  into  the  fly.  The  spores 
could  not  be  made  to  give  rise  to  such  germs  oy  cultivation ; 
nor  were  such  germs  d^oyerable  in  the  air,  or  in  the  food  of 
the  fly.  It  looked  exceedingly  like  a  case  of  A  biogenesis,  or, 
at  any  rate,  of  Xenogenesis ;  and  it  is  only  quite  recently  that 
the  real  course  of  events  has  been  maae  out  It  has  been 
ascertained,  that  when  one  of  the  spores  falls  upon  the  body  of 
a  fly,  it  begins  to  germinate  and  sends  out  a  process  which  bores 
its  way  through  the  fly^s  skin  ;  this,  having  reached  the  interior 
cavities  of  its  body,  gives  off  the  minute  floating  corpuscles 
which  are  the  earliest  stage  of  the  Empuscu  The  disease  is 
"contagious,"  because  a  healthy  fly  coming  in  contact  with  a 
diseased  one,  from  which  the  spore-bearing  filaments  protrude, 
is  pretty  sure  to  carry  off  a  spore  or  two.  It  is  "infectious" 
because  the  spores  become  scattered  about  all  sorts  of  matter  in 
the  neighborhood  of  the  slain  flies. 

The  silkworm  has  long  been  known  to  be  subject  to  a  very 
fatal  and  infectious  disease  called  the  Muscardine.  Audouin 
transmitted  it  by  inoculation.  This  disease  is  entirely  due  to 
the  development  of  a  fungus,  Botn/tis  Bassiana^  in  the  body  of 
the  caterpiHer;  and  its  contagiousness  and  infectiousness  are 
accountea  for  in  the  same  way  as  those  of  the  fly-diseasa  But 
of  late  years  a  still  more  serious  epizootic  has  appeared  amoncr 
the  silkworms ;  and  I  may  mention  a  few  &cts  wVich  will  givi 
you  some  conception  of  tne  gravity  of  the  injury  which  it  has 
inflicted  on  France  alona 

The  production  of  silk  has  been  for  centuries  an  important 
branch  of  industry  in  Southern  France,  and  in  the  year  1858  it 
had  attained  such  a  magnitude  that  the  annual  produce  of  the 
French  sericulture  was  estimated  to  amount  to  a  tenth  of  that 
of  the  whole  world,  and  represented  a  money-valueof  117,000,000 
of  francs,  or  nearly  five  million  sterimg.  What  may  be  the  sum 
which  would  represent  the  money -value  of  all  the  industries 
connected  with  tne  working  up  of  the  raw  silk  thus  produced 
is  more  than  I  can  pretend  to  estimate.  Suffice  it  to  say  that 
the  city  of  Lyons  is  built  upon  French  silk  as  much  as  Man- 
chester was  upon  American  cotton  before  the  civil  war. 

Silkworms  are  liable  to  many  diseases ;  and  even  before  1858 
a  peculiar  epizootic,  frequently  accompanied  by  the  appearance 
oi  dark  spots  upon  the  skin  (whence  the  name  of  "  r^rine  " 
which  it  has  received),  had  been  noted  for  its  mortality.  But 
in  the  years  following  1858  this  malady  broke  out  with  such 
extreme  violence,  that,  in  1858,  the  silk-crop  was  reduced  to  a 
third  of  the  amount  which  it  had  reached  in  1853  ;  and,  up  till 
within  the  last  year  or  two,  it  has  never  attained  half  the  yield 
of  1858.  This  means  not  only  that  the  great  number  of  people 
engaged  in  silk  growing  are  some  thirty  millions  sterling  poorer 
than  they  might  have  been ;  it  means  not  only  that  high  prices 
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have  had  to  be  paid  for  importing  silkworm  eggs,  and  that,  after 
investing  his  money  in  them,  in  paying  for  mulberry-leaves  and 
for  attendance,  the  cultivator  has  constantly  seen  his  silkworms 
perish  and  himself  plunged  in  ruin  ;  but  it  means  that  the  looms 
of  Lyons  have  lacked  employment,  and  that  for  years  enforced 
idleness  and  misery  have  oeen  the  portion  of  a  vast  population 
which,  in  former  days,  was  industrious  and  well  to  do. 

In  1868  the  gravity  of  the  situation  caused  the  French  Acad- 
emy of  Sciences  to  appoint  Commissioners,  of  whom  a  distin- 
guished naturalist,  M.  de  Quatrefiiges,  was  one  to  inquire  into 
me  nature  of  this  disease,  and,  if  possible,  to  devise  some  means 
of  staying  the  plague.  In  reading  the  report*  made  by  M.  de 
Quatrefages  in  1859,  it  is  exceedingly  interesting  to  observe  that 
his  elaborate  study  of  the  Pdbrine  forced  the  conviction  upon 
his  mind  that,  in  its  mode  of  occurrence  and  propagation,  the 
disease  of  the  silkworm  is,  in  every  respect,  comparable  to  the 
cholera  among  mankind  But  it  differs  from  the  cholera,  and 
so  far  is  a  more  formidable  disease,  in  being  hereditary,  and  in 
being  under  some  circumstances,  contagious  as  well  83  in- 
fectious. 

The  Italian  naturalist,  Filippi,  discovered  in  the  blood  of  the 
silkworms  affected  by  the  strange  disease  a  multitude  of  cylin- 
drical corpuscles,  each  about  y  Vttt  ^f  ^^  i^^ch  long.  These  nave 
been  carefully  studied  by  Lebert,  and  named  by  him  PansUsb- 
phyton  ;  for  the  reason  that  in  subjects  in  which  the  disease  is 
strongly  developed,  the  corpuscles  swarm  in  every  tissue  and 
organ  of  the  body,  and  even  pass  into  the  undeveloped  eggs  of 
the  female  moth.  But  are  these  corpuscles  causes,  or  mere  con- 
comitants, of  the  disease?  Some  naturalists  took  one  view  and 
some  another ;  and  it  was  not  until  the  French  Government, 
alarmed  by  the  continued  ravages  of  the  malady,  and  the  in- 
efficiency of  tlie  remedies  which  had  been  suggested,  dispatched 
M.  Pasteur  to  study  it,  that  the  question  received  its  final  settle- 
ment ;  at  a  great  sacrifice,  not  only  of  the  time  and  peace  of 
mind  of  that  eminent  philosopher,  but,  I  regret  to  have  to  add, 
of  his  health,  t 

But  the  sacrifice  has  not  been  in  vain.  It  is  now  certain  that 
this  devastating,  cholera-like  Pebrine  is  the  effect  of  the  growth 
and  mutiplication  of  the  Panhisiophyton  in  the  silkworm.  It  is 
contagious  and  infections  because  the  corpuscles  of  the  Paiihisto- 
phyton  pass  away  from  the  bodies  of  the  diseased  caterpillars, 
directly  or  indirectly,  to  the  alimentary  canal  of  healthy  silk- 
worms in  their  neighborhood ;  it  is  hereditary,  because  tne  cor- 
puscles enter  into  the  eggs  while  they  are  being  formed,  and 
consequently  are  carried  within  them  when  they  are  laid ;  and 

♦  Etiid'^8  sur  le^  Mnladies  Actuelles  des  yers  A  Soie,  p.  53. 
f  In  Nature  No.  zxxvi,  p.  181,  will  be  found  a  riaumSj  by  Prof.  Tyndall,  of 
Pasteur^s  investigations  of  the  sUkworm  diaease. 
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for  this  reason,  also,  it  presents  the  very  singular  peculiarity 
of  being  inherited  only  on  the  mother's  sida  There  is  not  a 
single  one  of  all  the  apparently  capricious  and  unaccountable 
phenomena  presented  by  the  Purine,  but  has  received  its  ex- 
planation from  the  fact  that  the  disease  is  the  result  of  the  pres- 
ence of  the  microscopic  organism,  Panhistophyton. 

Such  being  the  facts  with  respect  to  the  Pdbrine,  what  are 
the  indications  as  to  the  method  of  preventing  it?  It  is  ob- 
vious that  this  depends  upon  the  way  in  which  the  Panhisto- 
phyton is  generated.  If  it  may  be  generated  by  Abiogenesis, 
or  by  Xenogenesis,  within  the  silkworm  or  its  moth,  the  extir- 
pation of  the  disease  must  depend  upon  the  prevention  of  the 
occurrence  of  the  conditions  under  which  this  generation  takes 
place.  But  if,  on  the  other  hand,  the  Panhistophyton  is  an 
independent  organism,  which  is  no  more  generated  by  the  silk- 
worm than  the  mistletoe  is  generated  by  the  oak  or  the  apple- 
taree  on  which  it  grows,  though  it  may  need  the  silkworm  for  its 
development  in  the  same  way  as  the  mistletoe  needs  the  tree, 
then  the  indications  are  totally  different  The  sole  thing  to  be 
done  is  to  get  rid  of  and  keep  away  the  germs  of  the  Panhisto- 
phyton, As  might  be  imagined,  from  the  course  of  his  previous 
investigations,  M.  Pasteur  was  led  to  believe  that  the  latter  was 
the  right  theory ;  and,  ffuided  by  that  theory,  he  has  devised  a 
method  of  extirpating  the  disease,  which  has  proved  to  be  com- 
pletely successful  wherever  it  has  been  properly  carried  out 

There  can  be  no  reason,  then,  for  doubtmg  that,  among  in- 
sects, contagious  and  infectious  diseases,  of  great  malignity,  are 
caused  by  minute  organisms  which  are  produced  from  preexisting 
germs,  or  by  homogenesis ;  and  there  is  no  reason,  that  I  know 
o£j  for  believing  that  what  happens  in  insects  may  not  take 
place  in  the  highest  animals.  Indeed,  there  is  already  strong 
evidence  that  some  diseases  of  an  extremely  malignant  and  fatal 
character  to  which  man  is  subject,  are  as  much  the  work  of  mi- 
nute organisms  as  is  the  Pdbrina  I  refer  for  evidence  of  this  to 
the  very  striking  facts  adduced  by  Professor  Lister  in  his  various 
well-known  publications  on  the  antiseptic  method  of  treatment 
It  seems  to  me  impossible  to  rise  fix)m  the  perusal  of  those  pub- 
lications without  a  strong  conviction  that  the  lamentable  mor- 
tality which  so  frequently  dogs  the  footsteps  of  the  most  skillful 
operator,  and  those  deadly  consequences  of  wounds  and  injuries 
which  seem  to  haunt  the  very  walls  of  great  hospitals,  and  are, 
even  now,  destroying  more  men  than  die  of  bullet  or  bayonet, 
are  due  to  the  importation  of  minute  organisms  into  wounds, 
and  their  increase  and  multiplication  ;  and  that  the  surgeon 
who  saves  most  lives  will  be  ne  who  best  works  out  the  practi- 
cal consequences  of  the  hypothesis  of  Redi. 

I  commenced  this  Address  by  asking  you  to  follow  me  in  an 
attempt  to  trace  the  path  which  has  been  followed  by  a  scientifio 
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idea,  in  its  long  and  slow  progress  from  the  position  of  a  probable 
hypothesis  to  that  of  an  established  law  of  nature.     Our  survey 
has  not  taken  us  into  very  attractive  regions ;  it  has  lain,  chiefly, 
in  a  land  flowing  with  the  abominable,  and  peopled  with  mere 
grubs  and  mouldiness.  And  it  may  be  imagined  with  what  smiles 
and  shrugs,  practical  and  serious  contemporaries  of  Bedi  and  of 
Spallanzani  may  have  commented  on  the  waste  of  their  high  abil- 
ities in  toiling  at  the  solution  of  problems  which,  though  curious 
enough  in  themselves,  could  be  of  no  conceivable  utility  to  man- 
kind.    Nevertheless  you  will  have  observed  that  before  we  bad 
traveled  very  far  upon  our  road  there  appeared,  on  the  rigbt 
hand  and  on  the  left,  fields  laden  with  a  harvest  of  golden  grain, 
immediately  convertible  into  those  things  which  the  most  sordidly 
practical  of  men  will  admit  to  have  value,  viz :  money  and  Ufa 

The  direct  loss  to  France  caused  by  the  Pdbrine  in  seventeen 
years  cannot  be  estimated  at  less  than  fifty  millions  sterling;  and 
if  we  add  to  this  what  Sedi's  idea,  in  Pasteur^s  hands,  has  done 
for  the  wine-grower  and  for  the  vinegar-maker,  and  try  to  cajtt- 
talise  its  value,  we  shall  find  that  it  will  go  a  long  way  towaraa 
repairing  the  money  losses  caused  by  the  frightful  and  calami- 
tous war  of  this  autumn.  And  as  to  the  equivalent  of  Bedi's 
thought  in  life,  how  can  we  over-estimate  the  value  of  that  knowl- 
edge of  the  nature  of  epidemic  and  epizootic  diseases,  and  con- 
sequently of  the  means  of  checking,  or  eradicating,  them,  the 
dawn  of  which  has  assuredly  commenced  ? 

Looking  back  no  further  than  ten  years,  it  is  possible  to  select 
three  (1863,  1864,  and  1869)  in  which  the  total  number  of 
deaths  from  scarlet-fever  alone  amounted  to  ninety  thousand. 
That  is  the  return  of  killed,  the  maimed  and  disabled  being  left 
out  of  sight  Why,  it  is  to  be  hoped  that  the  list  of  killed  in 
the  present  bloodiest  of  all  wars  will  not  amount  to  more  than 
this !  But  the  facts  which  I  have  placed  before  you  must  leave 
the  least  sanguine  without  a  doubt  that  the  nature  and  the  causes 
of  this  scourge  will,  one  day,  be  as  well  understood  as  those  of 
the  P(Sbrine  are  now ;  and  that  the  long-suffered  massacre  of  our 
innocents  will  come  to  an  end. 

And  thus  mankind  will  have  one  more  admonition  that  "  the 
people  perish  for  lack  of  knowledge ;"  and  that  the  alleviation 
of  the  miseries,  and  the  promotion  of  the  welfare,  of  men  must 
be  sought,  by  those  who  will  not  lose  their  pains,  in  that  dili- 

fent,  patient,  loving  study  of  all  the  multitudinous  aspects  of 
Fature,  the  results  of  which  constitute  exact  knowledge,  or 
Scienca  It  is  the  justification  and  the  glory  of  this  great 
meeting  that  it  is  gathered  together  for  no  other  object  than  the 
advancement  of  the  moiety  of  science  which  deals  with  those 
phenomena  of  nature  which  we  call  physical  May  its  endeav- 
ors be  crowned  with  a  full  measure  of  success. 


H.  O.  Smiof  tm  the  ffaUstorm  of  June,  1870. 


&.BT.  XLIV.  —  The  Hail-storm  of  June  20th,  1870 ;   bj  Bev. 
HOEACE  0.  HovEY,  M.A. 

This  remarkable  storm  Bwept  alonza  path  about  thirty  miles 
iride,  and  extending  &om  Troy,  N.  Y.,  to  Bangor,  Ma,  though 
t  was  not  everywhere  accompanied  by  hail 

My  point  of  observation  was  in  Northampton,  Mass.,  which 
iraa  in  the  central  line  of  the  storm. 

At  sunrise  the  atmosphere  was  obscured  by  fog,  which  was 
jartially  dispersed  at  a  later  hour.  The  day  was  sultry.  At 
ioon  the  thermometer  indicated  88°  in  the  shade.  At  S  p.  If. 
t  vast  mass  of  dark-green  cloud  rolled  up  from  the  N.  W., 
ffhile  lateral  currents  seemed  to  set  in,  forcing  the  clouds  at 
iret  into  confusion,  but  afterwards  into  a  well-defined  voitex, 
>r  spout  The  electrical  detonations  were  frequent  and  sharp, 
tf o  rain  preceded  the  hail,  though  it  fell  copiously  after  a  few 
ninutes.  The  first  hail-Btones  were  about  one  incn  in  diameter, 
and  seemed  to  &11  fr^m  a  greater  height,  and  with  more  force, 
;han  those  that  fell  subsequently.  The  latter  were  probably 
aearer  the  center  of  the  vortex,  and  so  had  their  downward 
notion  restrained  by  that  which  was  lateral  The  first  that  fell 
were,  most  of  them,  on  striking  the  ground,  instantly  buried 
>ut  of  sight  If  they  struck  on  a  rocky  surface  they  were 
lashed  in  pieces,  or  el^e  rebounded  to  a  considerable  height  in 
in  the  air.  Had  their  lai^er  successors  been  driven  by  s  cor- 
responding force,  nothing  could  have  survived  their  assault 
rhe  smaller  bail-stones  were  generally  flattened  spheres,  though 
sometimes  in  rude  stellar  forms,  (fig.  1).  But  the  latgest  ones 
were  symmetrical  ovoids ;  each  being  surmounted,  however,  by 
it  roughened  crown,  (fig.  2).    The  dimensions  and  weight  of 

1.  3.    34"  X  3i".  3.    3"dlAm. 


three  specimens  are  given,  with  such  accuracy  as  could  be 
lecorecf  by  the  means  at  hand.  These  are  but  samples  of 
thousands  that  fell  till  the  earth  was  covered  with  ice.  The 
first  was,  in  long  diameter,  8f  inches  ;  short  diameter,  2^  inches ; 
veight  7  ounces.  The  second  was  SJ  inches  by  2i ;  weight 
8  ounces.     The  third  was  4  inches  by  2|;  weight  10  ouncea. 


404       C.  A.  Yountf — Photograph  of  a  Solar  Prominmux. 

This  monster,  a  foot  in  circumference,  did  not  entirely  melt 
away  for  six  hours  after  it  fell  1  The  ice  in  all  the  haif-stonee 
was  jieculiarlj  hard  and  compact  Interesting  structural  pecu- 
liarities were  noted.  Hail-stonea  of  stellar  form  were  alwa^ 
transparent  and  homogeneous.  The  spheroids  were  coTcred 
with  an  opaque  coating,  and  had  likewise  an  opaque  centH. 
On  being  bisected  some  of  them  showed  a  radiated  stractnre, 
the  alternate  rays  being  white  and  clear,  (fig.  8).  The  largest 
hail-stones  had  an  axis  of  white  ice,  half  an  inch  in  diameter, 
around  which  the  alternate  layers  were  arranged  in  spiral  ood- 


4.    H"  X  H". 


volutions,  (fig.  4).  The  most  common  form  was  in  concentiic 
layers,  like  the  coats  of  an  onion,  still  alternating  opaque  and 
transparent ;  but  the  edges  were  finely  serrated,  like  the  stripes 
in  some  species  of  agate,  (fig.  Si  In  one  hailstone  I  counted 
thirteen  of  these  layers,  indicating  that  it  had  passed  through 
as  many  strata  of  snowy  and  vaporous  cloud 

Aflier  a  lull  in  the  storm,  for  half  an  hour,  there  was  a  second 
fall  of  hail,  but  much  lighter  than  the  firet 

The  damage  done  by  such  a  war  of  the  elements  cannot 
easily  be  ascertained.  Vegetation  suffered  greatly.  In  some 
cases  men  and  animals  were  wounded.  The  icy  missies  not 
only  broke  thousands  of  pains  of  glass,  but  also  in  many  in- 
stances the  window-blinds  and  sash.  In  a  few  cases  weather- 
worn house-roofs  were  pierced. 

Peoria,  m.,  July  26,  1810. 


Art.  XLV. — Photograph  of  a  Solar  Prominence;  by  Prof  C  A. 
Young,  of  Dartmouth  College. 

The  following  is  from  a  letter  to  the  editora  dated  Sept  28th, 
1870 :— 

I  liave  just  succeeded,  with  the  help  of  our  skillful  artist  Mr. 
H,  0.  Bly,  in  obtaining  a  photograph  of  one  of  the  solar  prom- 
inences, a  copy  of  which  I  enclose.    It  was  taken  tfaioo^  tbe 
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hydrogen  line,  near  G,  by  opening  the  slit  of  the  spectroscope 
and  attaching  a  small  camera  to  its  eye-piece.  As  a  picture  of 
course  it  amounts  to  very  littla  It  required  an  exposure  of 
three  minutes  and  a  half,  and  the  polar  axis  of  the  telescope 
being  imperfectly  adjusted,  the  clock-work  failed  to  follow  per- 
fectly, so  that  no  detail  is  visible,  and  the  picture  will  not  bear 
mucn  magnifying.  I  am  convinced,  however,  that  by  using  a 
more  sensitive  collodion,  and  taking  proper  pains  with  the  ad- 
justment of  the  instrument,  satisfactory  photographs  of  these 
curious  objects  may  be  obtained 

I  may  add  that  the  spectroscope  employed  has  the  dispersive 
power  of  13  prisms  of  mnt,  each  with  an  angle  of  56°. 

With  it  I  observed  this  afternoon  in  the  spectrum  of  a  spot, 
the  reversal  of  the  following  lines,  viz :  C,  Di,  Dj,  D„  1474  K, 
(very  faint),  6i,  6„  J„  64,  F,  2796  K,  (Hy),  and  h  {Rd).  b^  was 
most  conspicuous  after  Ci,  Da,  and  F. 


Art.  XLVL — Oontributions  to  Zoology  from  the  Museum  of  Yah 
College,  No.  8. — Descriptions  of  some  New  England  Nvdibran' 
chiata;  by  A.  E.  Verrill. 

During  a  dredging  expedition  to  Eastport,  Ma,  and  Grand 
Menan,  the  past  season,  in  company  with  Mr.  Oscar  Harger  and 
O.  H.  Dwinelle,  students  in  the  Sheffield  Scientific  School,  the 
following  very  interesting  species  was  obtained.  Many  other 
Nudibranchs  were  also  observed,  most  of  which  are  well  known 
species. 

Dendronotus  robustusj  sp.  nov.    Figure  1. 

Body  stout,  about  2  inches  long ;  '5  broad,  and  about  the 
same  m  height,  somewhat  quadrangular,  tapering  posteriorly, 
but  much  less  acute  than  m  D,  ariorescens,  as  well  as  much 
stouter  throughout.  Branchiae  in  about  six  pairs,  those  of  the 
three  first  pairs  with  a  supplementary  one  of  nearly  the  same 
size  arising  separately  outside  o^  but  close  to  their  bases ;  on 
the  fourth  pair  these  originate  fix)m  the  base  as  large  branches, 
and  on  the  following  ones  they  are  more  distinctly  branches, 
arising  from  the  sides  near  the  bases  of  the  branchiae.  The 
brancnisB  are  diffusely  arborescent  and  very  much  subdivided, 
the  divisions  taking  place  very  rapidly,  the  branches  being 
more  equal  in  length  and  more  spreading  than  in  D.  arborescens, 
and  do  not  have  the  long,  slender  and  acute  main  branches  seen 
in  that  species.  The  sheaths  of  the  tentacles  (figure  1,  a)  are 
round  and  stout,  about  4  of  an  inch  long  and  12  in  diameter, 
and  are  destitute  of  any  lateral  branches ;  they  divide  at  top 
into  five  simple,  round,  smooth,  tapering,  acute  divisions,  of 
which  the  two  posterior  ones  are  longest    The  tentacles  (figure 
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1,  h)  are  about  equal  in  length  to  the  lobes  of  the  sheath, 
the  pedicle  forming  about  half  of  the  visible  part ;  the  termiiuJ 
portion  suddenly  enlarges  at  first,  becomes  somewhat  conicaJ, 
and  tapers  to  an  obtuse  point;  it  has  tien  or  twelve  oblique 
plications.  ■  Front  of  head  with  numerous  (about  l 
thirty)  sparingly  branched  appendages  arranged  in 
two  series.  In  the  upper  series  there  are  about 
ten,  the  outer  ones  being  largest ;  these  have  stout 
stems  with  a  few  conical,  tapering  branches,  mostly 
on  the  lower  side,  which  are  tipped  with  sulphur- 
yellow.  Below  these  are  numerous  unequal,  small- 
er, and  more  simple  appendages,  about  ten  on  each 
side,  part  of  which  are  forked  at  the  end,  while  others 
are  simple  and  papilliform  and  surround  the  expan- 
ded oral  disk ;  all  are  tipped  with  yellow.  The  oral 
disk  (figure  1,  c)  is  tranversely  elliptical  The  foot  is 
nearly  as  broad  as  the  bodv  (4  of  an  inch),  and  can  be  adapted 
for  clasping  by  infolding  the  edges. 

Color  pale  grayish,  thickly  sprinkled  with  small  yellow  spots, 
which  become  less  numerous  on  the  oral  appendages  and 
sheaths  of  the  tentaclea 

Whale  Cove,  Grand  Menan,  on  sea-weeds  in  a  pool  near  low- 
water  mark.     One  specimen  only,  found  by  Mr.  (^car  Haiger. 

Dendronotus  arborescens  Alder  and  Hancock  (JD.  JSeynoldsU 
Couthouy)  differs  widely  from  this  species  in  having  a  very 
narrow  loot;  an  elevated  compressea  body,  which  is  more 
slender  and  more  acute  behind ;  a  much  smaller  number  (about 
ten  or  twelve)  appendages  in  front  of  the  head,  of  which  the  six 
upper  ones  are  larger  and  much  more  branched,  and  the  four 
lower  ones  very  small ;  the  gills  longer  and  the  branches  more 
unequal,  while  the  lowest  branch  on  the  outside  arises  from  the 
side,  above  the  base,  even  on  the  front  pairs ;  and  in  having 
more  clavate  tentacles,  with  longer  and  branched  lobes  to  their 
sheaths,  while  the  sheaths  also  have  a  large,  arborescent,  gfll- 
like  branch  originating  from  the  outer  side  toward  the  base.  By 
the  last  character  alcoholic  specimens  can  easily  be  distinguished. 
Both  species  occurred  togetner  in  the  same  pooL 

Doris  bifida^  sp.  nov. 

Outline  broad  oval,  widest  anteriorly,  1  inch  long  by  '5  broad, 
in  extension,  back  very  convex,  mantle  covered  with  numerous, 
scattered,  prominent,  pointed  papillae.  Tentacles  rather  long, 
thickest  in  the  middle,  the  outer  naif  strongly  plicated,  but  wiSi 
a  smooth  tip,  the  base  surrounded  by  small  papille.  Gills  re- 
tractile into  a  single  cavity,  united  together  by  a  partial  web, 

Figure  1. — Dendronotus  robustus  Verrill;  a,  tentacle  sheath,  natural  size;  i, 
tentacle,  enlarged ;  e,  oral  disk  and  anterior  part  of  ^e  foot,  natanl  siie ;  from 
jiring  specimen  by  A.  K  VerrilL 
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deeply  frilled,  much  subdivided,  bipinnate,  the  subdivisions  fine 
ana  slender.  Foot  very  broad,  in  extension  projecting  back  be- 
yond the  mantle  about  a  quarter  of  an  inch,  slightly  tapering, 
rounded  and  slightly  notched  at  the  end.  Oral  disk  or  veil  cres- 
cent-shaped, the  front  a  little  prominent,  the  sides  extended 
backwam  and  forming  a  curve  continuous  with  that  of  the  foot 

Color  dark  purplish  brown,  sprinkled  with  white  specks ;  ten- 
tacles deep  brown,  specked  with  white,  tips  yellowish;  gills 
purplish  at  base,  the  edges  and  tips  yellow ;  foot  similar  in  color 
to  mantle,  but  lighter. 

Eastport,  Ma,  at  low-water  mark,  under  stones,  Aug.  19, 1868. 

Onchidoris  tenellcu 

Doris  teneUa  Ag.,  in  Gould,  Invert  of  Mass.,  Ed.  2,  p.  229,  PL  zx,  figures  289, 
290,  293.  1870. 

Specimens  of  this  rare  and  imperfectly  known  species  were 
obtained  under  stones  in  a  large  pool  at  low-water  mark,  near 
Eastport,  Me. 

The  largest  one  was  '85  of  an  inch  long,  and  '20  to  •25 
broad,  according  to  the  position.  The  outline  is  oval,  elliptical, 
or  oblong,  in  different  states  of  extension,  and  the  edges  of  the 
mantle  are  often  rolled  inward.  The  back  is  strongly  convex, 
the  surface  thickly  covered  with  small  conical  papillse,  which 
are  strengthened  by  numerous  minute  white  spicula.  The 
tentacles  are  rather  long,  oblong,  scarcely  tapering,  with  nume- 
rous transverse  laminae,  which  cover  nearly  the  whole  length, 
the  tip  with  a  small  obtuse  papilla ;  the  base  is  surrounded  by  a 
short  sheath,  with  the  edge  divided  into  five  small  corneal 
papillsd  or  teeth,  the  two  anterior  ones  largest  Branchiae  nine, 
seven  principal  ones  with  two  very  small  ones  posteriorly ;  the 
lai^er  ones  are  short,  thick,  lanceolate,  with  short  lateral  lobes. 
In  the  center  of  the  branchial  circle  there  is  a  small  brownish 
papilla.  The  foot  is  long-oval,  tapering  behind  and  rounded  in 
m>nt,  about  half  as  wide  as  the  mantle,  and  very  much  shorter. 
The  oral  disk  is  short  and  broad,  subtriangular,  with  a  very 
obtuse  angle  in  front 

Color  of  the  upper  surface  yellowish  white,  the  papillae  mostly 
tipped  with  yellow,  but  some  with  flake- white ;  tentacles  lemon- 
yellow  with  lighter  tips ;  branchiae  yellowish  white,  edged  and 
tipped  with  lemon-yellow,  the  j^ellow  tint  conspicuous  in  partial 
contraction ;  foot  yellowish  white ;  mouth  and  edge  of  oral  disk 
bright  yellow. 

Onchidoris  grisea, 
Doris  griaea  Stimpson  MS.,  in  Qould,  op.  cit,  p.  232,  PL  xx,  figures  292,  295. 

This  species  occurred  under  the  same  circumstances  as  the 
preceding,  and  more  commonly.  The  color  was  generally 
dear  white,  sometimes  tinged  ¥rith  pale  sulphur-yellow,  in  some 
part& 
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Onchtdoris  pallida. 
IhriapaUida  Ag.,  in  Gould,  op.  dt,  p.  239,  PL  zz,  fl«s.  3B4,  2S7,  3B8, 191. 

This  Species  was  dredged  in  20  fathoms  in  Eas^rt  Wbor. 
It  has  much  larger  tubercles  than  either  uf  the  preceding. 

Doridella,  gen.  nov.  '^ 

Body  covered  with  an  ample,  smooth  mantle,  oval,  convex. 
Dorsal  tentaclea  retractile,  without  sheaths.     Head  prominoit,    i 
the  lateral  angles  prolonged  anteriorly  as  short  oral  palpi  or 
tentacles.     Foot  broad,  cordate.     Branchiie  posterior,  in  the 
groove  between  the  mantle  and  foot. 

Doridella  obscura,  sp.  nov.     Figures  2  and  3. 

Form  brood  oval,  '3  of  an  inch  long  and  -2  broad ;  back  con- 
vex, smooth.  Foot  broad,  cordate  in  front  Oral  disk  broad, 
emarginate  or  with  concave  outline  in  front; 
The  angles  somewhat  produced,  forming 
short,  tentacle-like  organs,  which  in  exten- 
sion project  beyond  the  front  edge  of  the 
mantff.  Dorsal  tentacles  small,  stout,  re- 
tractile. Color  of  body  blackish,  lighter 
toward  the  edge,  as  if  covered  with  nearly 
confluent  black  spots,  the  whitish  ground 
color  showing  between  them  ;  foot,  oral  disk,  and  dorsal  tenta- 
cles white ;  the  central  part  of  body,  beneath,  bright  yellow. 

Savin  Rock,  near  New  Haven,  Oct  28, 1868,— E.  T.  Nelson. 

The  egga,  laid  in  confinement,  were  very  small,  & 

pale  yellow,  numerous,  arranged  in  an  open  coil, 
tfigjire  3). 

This  is  the  only  Nudibranch  hitherto  discovered 
in  the  vicinity  of  New  Haven.  It  appears  to  be  al- 
lied to  Phyllidia,  and  Fryeria,  which  are  usually  re- 
ferred to  the  Tectibranclia. 


Art.  XLVIL — On  a  recent  Earlhquake  ai  Bogota  ;  by  the  Hon. 
S.  A.  HuRLBDT,  U.  S.  Minister  to  Columbia. 

[The  following  communication  respecting  an  earthqaake  recently 
felt  at  Bogota,  observed  by  the  Hon.  S.  A.  Hurlbnt,  U.  8,  Minis- 
ter to  Columbia,  has  been  kindly  furnished  to  us  by  the  Secretaiy 
of  the  Smithsonian  Institution,  to  whom  it  was  addressed.] 

We  have  had  rather  an  unusual  phenomenon  at  this  place  in 
a  remarkably  well  developed  earthquake.  At  about  10  minut« 
before  10  p.  m.  of  the  evening  of  the  4th  of  April  (Saturday), 
and  without  any  previous  warning  that  we  had  noticed,  there 

Figure  2. — ATrUefia  otfcuraTerrill,  eTil»rged  two  diamelen )  a,  iqiper  ■utfaee;  \ 

lower  eurfaca. 
F^un  3. — Egga  of  D.  obfcura,  «ii.\n^&\no  ^xmvtaTk. 


C  H.  F.  Peters — Discovery  of  a  new  Planet  409 

Dccurred  first,  a  moderate  shock  not  of  any  peculiar  force  and 
3onsisting  of  a  single  vibration  ;  this  was  momentary.  In  about 
two  minutes  afterward  a  very  sharp  movement  took  place,  giv- 
ng  the  impression  of  a  lateral  motion  from  north  to  south, 
riie  table  on  which  I  had  my  elbow  at  the  time  seemed  to  recede 
ibout  l^  to  2  inches,  quiver  an  instaut  and  return  to  its  place: 
;he  beams  of  the  houses  creaked  like  the  timbers  of  a  snip  in 
leavy  weather.  Doors  and  windows  flew  open.  Those  who 
yere  in  bed  at  the  time  seemed  to  feel  it  much  more,  and  the 
>fFect  of  the  vibrations  was  to  make  many  **  sea  sick."  This 
;hock,  they  tell  me,  was  the  sharpest  known  here  since  1826.  I 
lannot  learn  of  any  damage  done  to  buildings  in  the  city. 

The  unquietness  of  the  earth  continued  from  the  time  men- 
ioned  until  nearly  11  p.  M.,  with  a  species  of  shuddering  mo- 
ion  scarcely  perceptible  unless  one  were  lying  down.  There 
vas  heard  with  each  shock,  a  peculiar  muffled  rushing  sound,  not 
IS  clear  and  distinct  as  the  mo\  ement  of  wind,  but  something 
ike  it  At  the  moment  of  the  principal  shock  I  looked  at  my 
iratch  and  found  the  time  to  be  ten  minutes  of  ten — Bogota 
ima  Time  however,  here,  is  not  well  regulated,  as  the  observ- 
itory  possesses  no  instruments  and  is  neglected.  The  direction 
>f  the  movement  was  very  distinct  from  the  north  to  the  south. 
\js  earthquakes  rarely  have  their  centers  in  Columbia  and  are 
generally  the  result  of  action  in  Ecuador,  it  may  be  advisable 
o  connect  this  observation  with  notices  from  that  country.  I 
)elieve  there  is  but  one  volcano  in  action  in  Colombia-Purac^ 

Some  nights  since  we  noticed  for  two  hours  after  sunset  in 
lie  west,  and  ncarlv  in  the  range  of  Tolima,  a  well  defined 
tolumn  or  line  of  lignt,  on  the  Cordillera.  This  bore  about  due 
rest     The  character  of  the  light  I  could  not  determina 

LtgAtion  of  the  United  States,  Bogota,  June  6,  1870. 


Vrt.  XLVIIL — Discovery  of  a  new  Planet,  the  112^A,  named  ^hi- 
genia;  by  Dr.  C.  H.  F.  Petkbs,  of  the  Litchfield  Observatory  of 
Hamilton  C'ollege.  Letter  to  the  Editors,  dated  Clinton,  Oneida 
Co.,  N.  Y.,  Sept  22,  1870. 

I  HAVE  the  pleasure  to  communicate  the  following  observations 
ipon  an  asteroid  discovered  on  the  night  of  the  19th  inst. 

App.  Decl- 

o     ' 
+  10  16  —        (approx.  by  estimation). 
-1-10  13  30-8      10  comp.  W.  Oh  1079. 
-1-10  10  58-9      10  comp.  Sohj.  374. 

The  planet  is  about  11th  magnitude,  receives  the  number  (112), 
.nd  I  have  already  given  a  name  to  it,  Iphigeniaj  while  that 
oand  on  Aug.  14,  (111),  has  been  called  Ate^  with  regard  to  the 
imoltaneous  events  in  Europe. 

Aic  JouB.  Sol— Sboond  Sbriis,  Vou  L,  No.  150.— Nov.^lSflO, 

26 


1930 

Ham.  Coll.  m-t. 

App.  A.R. 

h    m 

h  m    s 

ept  19. 

16  30  — 

1  2  36 

•♦     20. 

14  57   28 

1    I  61-54 

•    21. 

10  48  22 

1   I  12-24 
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Art.  XLIX.  —  Geological  Explorations  in  China;  by  Baron 
von  KicHTHOFEN.  In  a  letter  to  Pro£  J.  D.  Whitney,  dated 
Peking,  Aug.  20th,  1869,  and  communicated  by  him  for  tbi» 
Journal 

I  PROMISED  you,  a  few  days  ago,  a  more  detailed  account  of 
the  geological  results  of  my  travels  in  Manchuria  and  the  pro- 
vince of  Chi-li  than  I  wished  to  give  before  having  visited  at  least 
some  of  the  localities  near  Peking  examined  before  by  Pum)iellj. 
I  have  done  this  and  am  now  acquainted  with  the  most  important 
formations  occurring  in  the  neighborhood  of  this  capital 

The  southern  province  of  Manchuria  has  the  name  Shine-King 
and  is  divided  by  the  Liao  river  into  liao-tung  and  Liao-hsi 
("meaning  East  ana  West  of  the  Liao).  The  course  of  my  traTels 
xrom  May  to  July  was  as  follows :  from  Chifu  by  sea  to  Nin-chang, 
at  the  mouth  of  the  Liao ;  thence  by  land  down  the  western  and 
op  the  southeastern  coast  of  Liao-tung,  to  the  frontier  of  Corea, 
then  to  the  northeast,  along  this  frontier,  and  to  Mukden;  from 
Mukden  I  went  to  Peking  by  Kin-chan  and  Yung-ping. 

There  are  certain  circumstances  which  render  the  geology  of 
northern  China  difficult.  In  the  first  place  the  extent  of  the 
country  is  very  great,  and  the  character  of  the  formations  changes 
no  less  in  the  different  provinces  of  it  than  it  does  in  other  regions 
of  the  globe.  One  is  easily  inclined,  on  a  hastv  tour  of  reoonnois- 
sance,  to  compare  the  strata  in  various  regions  on  lithological 
grounds.  But  if  I  bear  in  mind  the  erroneous  conclusions  arrived 
at  in  the  European  Alps,  by  geologists  who  endeavored  to  dete^ 
mine  the  age  of  the  sedimentary  formations  on  the  strength  of 
their  lithological  resemblance  to  the  formations  of  other  parts  of 
Europe,  1  think  I  cannot  be  cautious  enough  in  this  new  country. 
Lithological  analogy  can  here  be  used  as  a  safe  guide  only  when 
carefully  traced  from  province  to  province  and  so  on  to  remote 
regions.  Then  there  is  the  apparent  absence  of  any  great  geologi- 
cal events  creating  disturbances  simultaneously  over  the  whole 
region.  Ancient  deposition  continued  in  one  place  while  it  was 
interrupted  in  another  by  the  dislocation  of  those  strata  previously 
deposited.  Another  difficulty  is  the  scarcity  of  fossils.  I  dare 
say  that,  with  the  exception  of  a  few  plants  of  the  Coal-measures, 
I  have  discovered  all  localities  ol  fossils  now  known  to  exist.  Yet, 
if  it  is  considered  that  I  never  received  any  knowledge  of  their 
existence  (excepting  Lake  Tai-hu)  not  even  the  slightest  hint,  from 
either  native  or  foreigner,  but  that  I  had  to  discover  every  fossil 
myself  in  hurrying  through  the  country,  it  will  still  be  found  sur- 
prising, that  the  number  of  known  fossiliferous  localities  is  w 
great.  I  believe  that  China  will,  on  a  closer  examination,  contri- 
bute largely  to  the  knowledge  of  the  most  ancient  animal  life  on 
the  globe.  There  is  another  difficulty  caused  by  the  recurrence, 
at  different  levels,  of  strata  which  boar  a  close  similarity  to  each 
other.     This  relates  chiefiy  to  certain  quartzose  sandstones  of  a 
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reddish  or  yellow  color  when  converted  into  quartzite.  Tliey  have 
often  a  thickness  of  thousands  of  feet,  and,  as  they  are  less  affected 
by  denudation  than  many  other  stratified  rocks,  they  frequently 
compose  mountain  ranges  for  themselves,  without  offering  any 
clue  for  determining  their  stratigraphical  position.  This  is  also 
true,  though  in  a  far  less  degree,  of  the  limestones.  In  regard  to 
these,  as  also  to  the  knowledge  of  the  occurrence  of  fossils,  the 
analogy  with  the  history  of  the  exploration  of  the  European  Alps 
is  strikmg.  One  cannot  be  astonished  that  the  first  explorer  of 
Chinese  geology,  though  a  most  admirable  observer,  should  have 
distinguished  only  one  great  limestone  formation  in  China,  and 
referred  it  all  to  that  age  (namely,  the  Devonian)  to  which  all  the 
fossils  then  known  (namely,  those  which  are  sold  in  drug  stores) 
were  believed  to  belong ;  just  as  "  the  Alpine  limestone  "  was  un- 
til not  very  long  ago  a  comprehensive  term  used  to  designate  all 
the  limestones  occurring  at  different  geological  levels  in  the  Alps. 
You  may  recollect  that  already  my  observations  on  the  Yang-tse 
induced  me  to  distinguish  there  at  least  three  limestone  forma- 
tions. Since  then  I  have  come  to  the  conclusion  that  it  will  not 
be  difficult,  on  detailed  examination,  to  establish  in  other  regions 
a  greater  number  at  distinct  levels. 

It  is  for  the  various  reasons  mentioned,  that  I  examined  every 
mountainous  country  independently  from  what  I  had  seen  before, 
applying  new  terms  for  the  different  formations  observed,  and 
tried  to  establish  the  analogy  between  different  regions  only  after 
having  completed  the  exploration  of  each.  The  series  of  forma- 
tions, as  established  on  tne  Yang-tse,  has  found  thereby  a  great 
deal  of  additional  support  and,  I  think,  will  prove  to  be  a  near 
approximation  to  the  true  order  of  succession. 

In  my  two  previous  letters  (March  1st  and  May  8th)  I  mentioned 
my  having  found  Carboniferous  fossils  on  the  Yang-tse  and  in 
Shantung,  in  certain  limestones  and  shales  which  occur  there  in 
close  connection  with  the  Coal-measures,  or  indeed  form  part  of 
them.  They  mark  there  a  very  distinct  and  remarkable  horizon. 
I  did  not  find  any  corresponding  fossils  in  Manchuria  or  ChilL 
There,  however,  I  was  fortunate  enough  to  collect  sufiicient  mate- 
rial for  determining  the  age  of  a  formation  which  corresponds, 
Btratigraphically  and  lithologically,  with  the  lowest  ("Matsu") 
limestone  on  the  Yang-tse  and  the  formation  mentioned  as  No.  2 
of  Shantung  in  my  letter  of  May  8th.  It  has  a  thickness  of  many 
thousand  feet,  and  is,  lithologically,  exceedingly  varied.  It  con- 
sists of  endless  alternations  of  red  micaceous  argyllite  and  brown 
sandstone,  with  strata  of  limestone,  the  former  two  prevailing  in 
the  lower  half,  the  latter  in  the  upper  portion.  The  limestone  it- 
self presents  a  large  number  of  varieties,  and  one  can  distinguish, 
on  purely  lithological  grounds,  several  horizons,  the  order  of  suc- 
cession of  which  is  similar  in  wide  regions.  One  of  these  horizons 
is  marked  by  black  o5litic  limestone,  which,  together  with  some 
other  conspicuous  varieties  of  limestone,  extends  j&om  the  Yang-tse 
to  Liao-tung  and  to  Peking  (twelve  degrees  of  latitude  and  ten 
of  longitude). 
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On  the  frontier  of  Corea,  this  oolitic  limestone  abounds  in  the 
remains  of  Trilobites  and  small  brachiopods,  chiefly  of  the  Orthia 
and  Linffula  families.  The  sediments  were  there  cfeposited  m  in- 
lets of  the  ancient  sea  between  ridges  consisting  chiefly  of  gneiss, 
franite  and  quartzite.  The  accumulation  of  the  shells  of  trilo- 
ites  which  took  place  in  these  protected  abodes  is  astonishing. 
I  collected  quite  a  number  of  species,  but  nothing  adequate  to  the 
material  which  I  saw,  as  several  circumstances,  chiefly  the  danger 
of  being  cut  off  by  torrents  swelled  by  the  copious  rains  of  the 
season,  made  it  necessary  to  hurry  over  the  most  prolific  localities. 
Yet,  I  hope  that  it  will  now  be  possible  to  determine  the  age  of 
one  of  the  most  important  formations  of  Northern  China.    It 

Sredominates,  in  bulk,  over  all  other  sedimentary  formations  of 
<io-tung  and  extends  thence  into  Corea.  In  liao-tsi,  it  appears 
to  have  been  removed  by  denudation  to  a  great  extent.  It  ap- 
pears only  in  places,  and  even  in  these  it  is  often  covered  by- 
porphyries.  Again  it  takes  a  dominent  part  in  the  stmctore 
of  the  country  in  the  province  of  Chi-li,  chiefly  between  Yong- 
ping-pu  and  Peking,  becoming,  however,  more  and  more  met- 
amorphosed with  the  approach  to  the  latter  city.  Its  lime- 
stones (that  is,  its  upper  portion)  form  the  narrows  which  lead  to 
the  Nankan  pass.  They  are  intensely  altered,  and  traversed  by 
innumerable  dykes  of  intrusive  rocks.  What  Pumpelly  describai 
as  the  Ilwaingan  beds,  are  probably  the  lower  strata  of  this  same 
great  formation. 

In  Liao-tung,  as  in  Shan-tung,  the  oolitic  limestones  carrying 
the  trilobites,  are  overlain  by  a  great  thickness  of  limestone,  which 
is  immediately  followed  by  the  Coal-measures.  In  Liao-tun^,  I 
found  no  fossils  in  this  limestone,  excepting  numerous  Ammomtes 
and  Orthoceratites,  which  cannot  be  determined.  They  occur  im- 
mediately below  the  coal-bearing  strata,  the  conformable  superpo- 
sition of  which  on  the  limestone  I  observed  in  a  number  of  places. 
There  are  localities,  such  as  northwestern  Shan-tung  and  south- 
em  Liao-tung,  where  there  is  an  apparently  uninterrupted  series  of 
sedimentary  deposits,  commencing  with  sandstones  and  shales 
thousands  of  feet  lower  than  the  oolitic  limestone  and  ending  with 
the  Coal-measiires.  Every  layer  appears  to  be  conformable  to  that 
which  it  overlies,  but  no  such  parallelism  exists  between  the 
lo^er  and  upper  portions  of  the  series,  a  gradual  change  of  inclin- 
ation marking  the  former  gradual  changes  of  leveL  It  is  not 
improbable  that  in  these  localities  the  entire  series  of  formations, 
from  the  Silurian  to  the  Coal-measures,  is  represented.  It  is  in 
these  regions  that  the  order  of  succession  will  have  to  be  studied. 
There  are,  however,  more  numerous  instances  where  the  outbreaks 
first  of  granitic  and  then  of  porphyric  rocks,  which  extended 
evidently  over  long  periods,  have  created  repeated  disturbances. 
The  vicinity  of  Peking  has  been  among  the  theaters  of  the  most 
intense  eruptive  action.  But  even  here  the  Coal-measures  are  con- 
formable to  the  underlying  limestones,  in  all  instances  which  came 
under  my  observation. 
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I  am  unable  to  pronoun ce  at  present  an  opinion  on  the  relation 
of  the  northern  Coal-measures  to  those  of  Shan-tung  and  the  lower 
Yang-t«e.  The  remains  of  plants  which  1  collected  in  nearly 
every  one  of  the  northern  coal-fields  will  probably  help  to  elucidate 
this  question.  But,  judging  on  mere  stratigraphical  grounds,  I 
cannot  help  thinking,  that  the  Coal-measures  of  Liao-tung  and 
Liao-hsi,  and  the  lower  portion  of  those  in  the  neighborhood  of 
Peking,  will  not  differ  much  in  age,  either  among  themselves,  or 
as  compared  with  the  Coal-measures  of  Middle  China,  It  is,  how- 
ever, a  noteworthy  fact,  that  the  coal  formation  of  Peking  has  an 
extraordinary  development.  I  had  only  occasion  to  see  those 
coal-bearing  strata  which  lie  immediately  on  the  limestone.  West 
of  Peking,  these  strata,  together  with  the  limestone  and  a  few 
thousand  feet  of  superincumbent  deposits,  have  undergone  an  in- 
tense metamorphism,  the  coal  being  converted  into  anthracite.  It 
appears,  from  Mr.  Pumpelly's  description,  that  the  Chaitung  Coal- 
measures  (which  I  dia  not  visit)  occupy  a,  geologically,  much 
higher  level  Altogether  it  may  be  safe  to  conclude,  that  in  China, 
as  in  other  countries,  the  deposition  of  coal  and  intervening  sedi- 
ments continued  during  a  considerable  period,  in  which  it  shifted 
to  different  regions.  Yet,  I  must  confess,  that  comparison  on 
stratigraphical  grounds  makes  it  difficult  to  believe  that  any  por- 
tion of  the  Coal-measures  of  Northern  China  should  be  of  so  re- 
cent age  as  Dr.  Newberry  was  inclined  to  conclude  on  the  strength 
of  the  vegetable  remains  which  he  determined. 


SCIENTIFIC     INTELLIGENCE. 

1.    CHEMISTRY  AND   PHYSICS. 

1.  On  the  inflitence  of  electricity  on  air  and  oxygen  as  a  means 
of  producing  ozone, — Houzeau  has  drawn  the  following  conclu- 
sions from  a  great  number  of  estimations  of  ozone  obtained  by 
means  of  Ruhmkorff's  apparatus. 

( I .)  The  production  of  ozone  is  greater  in  air  renewed  from  time 
to  time  than  in  confined  air. 

(2.)  It  is  greater  at  the  negative  than  at  the  positive  pole. 

(3.)  The  production  of  ozone  increases  only  up  to  a  certain  point 
with  the  duration  of  the  electric  action. 

(4.)  The  ozone  increases  with  the  electric  intensity. 

(5.J  The  ozone  diminishes  when  the  distance  which  separates 
the  electrodes  increases. 

(6.)  The  production  of  ozone  varies  with  the  length  or  surface 
of  the  electrodes. 

(7.)  Other  conditions  being  equal,  the  production  of  ozone  is 
greater  by  utilizing  the  effect  of  the  two  electrodea 

(8.)  The  production  of  ozone  is  equally  manifested,  out  of  direct 
contact  with  the  air,  with  metallic  electrodes,  when  these  last  are 
surrounded  for  their  whole  lengths  with  tubes  of  thin  glass  play- 
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ing  the  part  of  insulating  sheaths,  whether  the  extremitiefl  of 
these  tubes  are  closed  or  not. 

(9.)  Still  the  production  of  ozone  resulting  ftom.  the  passa^of 
air  over  the  naked  metallic  electrodes  (direct  contact  with  the  pk- 
tinutn  wires)  is  greater  than  that  which  arises  from  the  passage  of 
the  air  round  the  same  electrodes,  when  sheathed  and  closed,  (no 
direct  contact  of  the  air  with  the  naked  metallic  electrodes). 

(10.)  With  closed  sheathed  electrodes  the  production  of  ozone 
varies  emially  with  the  length  or  surface  of  the  metaUic  electrodeib 

(11.)  The  production  of  ozone  increases  considerably  with  a  dim- 
inution of  the  temperature  at  which  the  electrification  of  the  air  is 
effc'Cted. 

(1*2.^  All  conditions  being  equal,  the  quantity  of  ozone  produ- 
ced with  a  definite  volume  of  oxygen,  is  always  much  more  con- 
siderable (about  eight  or  ten  times)  than  that  furnished  by  the 
same  volume  of  air. 

(13.)  The  ozone  produced  by  the  obscure  electrification  of  mt, 
is  accompanied  by  small  quantities  of  nitrous  compounds,  while 
that  which  is  furnished  by  pure  oxygen  under  the  same  circum- 
stances, contains  only  traces.  By  attention  to  the  conditions  above 
described,  the  author  has  been  able  to  construct  a  new  apparatus, 
which  he  calls  an  ozonlzer,  and  with  which,  according  to  his  state- 
ment, quantities  of  ozone  hitherto  unknown,  may  be  prepared. 
The  apparatus  is  not  described  in  the  paper  from  which  our  ex- 
tract is  taken. —  Comptes  Rendns^  Ixx,  J  286.  w.  G. 

2.  Researches  on  Platinum. — ScutJrzENBERGER  has  communica- 
ted to  the  Academy  of  Sciences  further  investigations  of  the  re- 
markable compounds  of  platinum  with  carbonic  oxyd,  already 
noticed  in  this  Journal,  and  has  in  addition  described  some  new 
series  of  great  interest  and  theoretical  importance.  Setting  out 
with    the    view    that    the    two    compounds   already   described, 

CO 
CO  — PtClg,  and    i     >PtClg,*  may  be  regarded  as  the  chlorids 

of  two  diatomic  radicals,  the  author  found  that  ammonia  unites 
with  each  compound,  forming  the  two  new  chlorids  represented 
respectively  by  the  formulas, 

NaHg.CO.PtCljj,  and  N^Hg  .  (CO)^  .PtClg. 

When  heated  these  compounds  fuse,  yielding  metallic  platinum, 
nitrogen,  hydrogen  and  sal-ammoniac,  together  with  a  volatile 
liquid  having  a  penetrating  odor  which  appears  to  be  chlorid  of 
formyl,  COHCl.  The  compound  CO .  PtClg  absorbs  dry  ethylene 
and  forms  a  yellow  crystalline  body,  which  has  probably  the  for- 
mula CjH^  .  CO .  PtClj,  and  may  oe  regarded  as  corresponding  to 
the  dicarboxyl  compound  (C0)2 .  PtClg,  CglT^  replacing  CO. 
When  heated  above  95°  C.  this  body  gives  off  chlorhydric  acid, 
while  a  dark  colored  body  remains  insoluble  in  water  and  havbg 
the  formula  CgHgCl .  CO .  PtCl2,  so  that  it  contains  monochlorin- 
ated  ethylene  in  place  of  ethylene. 

Phosphorous  chlorid,  PCI  3,  like  carbonic  oxyd,  unites  readily 

*Pt=l97  C=12  0=16. 
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Tith  pUtinons  cfalorid,  fonning  a  solid  reddish-yellov  substance, 
volatile  with  difficulty,  fusing  at  about  200°,  and  soluble  In  phos- 
phurouB  chlorid,  from  which  ii  cryBtallizcB  in  cooling.  The  com- 
position of  this  body  is  represented  by  the  formula  PCI,  ,  PtCl,, 
The  same  substance  is  formed  by  heatitie  oue  atom  of  platinum 
with  one  molecule  of  phosphoric  chlorid,  PCl,+Pt=PClj  .  PtClj,, 
aud  also  by  the  action  of  PCI,  upon  CO .  PtCls,  CO  being  given 
off  The  compound  PCIj .  PtClj  dissolves  in  water  with  a  yellow 
color,  forming  a  new  complex  acid,  P(HO)3PtCl2,  and  differs 
essentially  from  the  body  described  by  Haiidrimont,  which  accor^ 
ding  to  thut  chemist,  has  the  formula  PCI, .  PtCI,,  (Pt=98-5). 
In  a  later  communication  to  the  Academy,  ScfaQtzeiiberger  gives 
the  formulas  and  names  of  a  sei'iea  of  very  remarkable  substances 
which  he  Las  obtained  from  the  primitive,  PCI,  .  PtCl^  ;  these  are 
as  follows : 

PCIj .  FtClj  ehlorid  of  triehloro-phosphoplatinum. 
P(H0)3 .  PtClj  ])liospho  chloro-platinous  acid. 
P(AbO)3  .  PtClj  rilver  salt  of  the  same. 
P(C,H,0)3 .  PtC!„  chlorid  of  trio  set  hyl-phospho  platinmn. 
F(CgHjO)3PtO.  HgO  hydrat*  of  oxyd  of  platinum. 
PfCjUjOjjPtO.N.Oa  nitrateof  oxyd  "  " 

P(C,H,0)j.PtN',H^.2HCl  chlorhydrate  of  trioxethyl-phospbo- 

platin-diainiii. 
PjCfg .  PtClj  chlorid  of  bexachloro-diphosphoplatinmn. 
Pj(HO)5 .  PtCL  diphospho-chloroplatmons  acid. 
Pi( AgO)j  .  PlCl^  Sliver  salt. 

P2(C3H,0),.PtCl3  chlorid  of  hexoxcthyl-diphospho  platinum. 
FjlCjHjOjj.PtPfgHj.ZHCl"  "  "  diamine. 

Pa(C3HjO)3Cl3l'tCl3   chlorid   of   trichloro-trioxethyl-diphospho 

platinum. 
Pj{CaH,O)j(H0),PtClg     diphospho-trioxethyl-chloro-platinoufl 

acid. 
SchQtzeoberger  points  out  the  analogy  between  these  compounds 
and  the  ammonia-platinum  bases.  In  a  third  note  he  gives  a 
method  of  isolating  the  radicals  contained  in  the  above  described 
compounds.  Bv  treating  the  alcoholic  sotuiiuns  of  the  two  chlo- 
rids  P(C,H,0)jPtCl„  and  P3(Cj,II,0),PtClj,  with  a nc,  viscid 
black  masses  are  obtiiined,  having  respectively  the  formulas  P(C, 
H^O)j,Pt  and  Pa(C,II,0),Pt,  and  combining  directly  with  chlo- 
rine to  reproduce  the  original  chlorids. —  Comptes  Vendue,  Ixx, 
1287,  1414;  Ixxi,  69.  '  w.  g. 

3.  Oil  new  derivatioea  of  triethylphonphine. — CAHOUBsand  Gal 
have  studied  the  product  of  the  action  of  platioic  chlorid  upon  tri- 
ethylphosphine,  and  have  obtained  a  compound  having  the  form- 
ula,* P(C^H,),PtCl,  which  they  regard  as  the  equivalent  of  the 
green  B;ilt  of  Magnus  in  the  ammonia  series.  This  body  crystal- 
lizes from  its  solution  in  ether  iu  voluminous  transjiarent  prisms  of 
ail  amber  yellow  color.  An  alcoholic  solution  of  this  salt  heated 
to  100°  for  several  hoars  in  sealed  tubes,  yields  crystals  of  an  iso- 
•  0=6    0=8    P[=987, 
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meric  white  salt.  WhcD  the  yellow  salt  is  boiled  ^dth  water  and 
triethylphosphine,  a  colorless  salt  is  formed,  which  has  the  form- 
ula, [l*(C^Hj)3]  PtCl  and  which  the  authors  consider  to  be  the 
phosphorous  analogue  of  the  salt  of  lieiset  It  loses  an  atom  of 
triethylphosphine  when  long  kept,  and  leaves  the  white  modifici- 
tion  of  the  chlorid  first  described.  With  argentic  oxyd  and  water 
it  yields  a  strongly  alkaline  liquid ;  with  the  chlorids  of  gold  and 
platinum  well  defined  salts.  Palladium  forms  a  compound  amilar 
to  the  first  described  salt  of  platinum,  and  also  forming  amber 
yellow  prisms.  This  does  not,  however,  unite  with  another  atom 
of  triethylphosphine.  When  triethylphosphine  is  added  to  a  solu- 
tion of  auric  chlorid,  AuClg,  in  alcohol  a  colorless  crystalline  salt 
is  obtained  which  has  the  formula,  P(C^H.)3AuCL  Compounds 
of  an  exactly  analogous  composition  were  obtained  with  the  chlo- 
rid of  platinum,  palladium  and  gold,  and  triethylarsine. —  Cornp- 
tea  Rendus^  Ixx,  1 380,  Ixxi,  208.  w.  g. 

4.  On  silicchpropionlc  acid. — By  the  simultaneous  action  of 
zinc-ethyl  and  sodium  upon  ethyl-silicic  monochlorhydrine,  SiCl(0 
^2^5)3,  Friedel  and  Ladenburg  have  obtained  a  liquid  boiling 
at  158°-5  C.  and  having  the  formula,  Si(C2ll5)(OC2H^)„  which 
they  term  tribasic  silico-propionic  ether.  A  concentrated  solution 
of  caustic  potash  does  not  set  free  in  this  compound  the  silicon  m 
the  form  of  silicic  oxyd  SiO^,  but  gives  a  proauct  having  the  foi^ 
mula,  SiC;,Hg02H,  which  however  cannot  be  obtained  in  this  way 
in  a  state  of  purity.  By  heating  silico  propionic  ether  at  1 80°  C. 
in  a  closed  tuoe  with  chlorid  of  acetyl,  the  authors  obtained  a  mix- 
ture of  acetic  ether  and  a  body  having  the  formula  SiCaH^CL. 
By  treating  with  water  the  part  of  this  liquid  which  boils  at  90  - 
110°,  chlorhydric  acid  and  a  white  gelatinous  body  are  fonned; 
this  last  is  tne  hydrate  of  silico-propionic  acid.  When  dried  at 
100°  the  acid  forms  a  white  amorphous  powder  greatly  resembling 
silicic  oxyd,  but  easily  distinguishcMl  from  it  by  its  combustibility. 
When  heated  it  bums  like  tinder,  disengaging  combustible  gases. 
The  acid  is  insoluble  in  water,  but  dissolves  m  hot  concentrated 
caustic  potash,  and  is  not  precipitated  from  this  solution  by  HCl, 
but  only  by  NFI^Cl,  like  SiO^j,  the  residue  after  evapoi-ation  being 
unchanged  silico-propionic  acid.  The  new  substance  api>ear8  there- 
fore to  be  a  weak  acid  analogous  to  silicic  acid,  and  presents  the 
first  known  case  of  a  silicic  acid  containing  carbon.  Its  formula 
shows  that  it  contains  the  group,  SiOgH,  which  mav  be  termed 
silicoxyl,  anc^  which  is  the  analogue  of  carboxyl,  COgH.  It  is 
easy  to  see  also  that  it  forms  one  term  of  a  group  of  homologous 
acids. —  Comptes  Rendus^  Ixx,  1407.  w.  g. 

6.  On  normal  aiaylic  alcohol. — Lieben  and  Rossi  have  suc- 
ceeded in  obtaining  synthetically  the  normal  amylic  alcohol,  which 
bears  the  same  relation  to  the  alcohol  already  known  which  no^ 
mal  butylic  alcohol  bears  to  that  obtained  by  fermentation.  Nor- 
mal cyanid  of  butyl  yields  normal  valeric  acid,  which  greatly  re- 
sembles the  acid  already  known,  but  which  has  an  odor  more  close- 
ly resembling  that  of  butyric  acid.  It  boils  at  184°-185''  at  736°^™. 
When  normal  calcic  valerate  is  mixed  with  normal  calcic  formate, 
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and  the  mixtare  is  distilled  in  small  portions  at  a  time,  valeric 
aldehyd  is  obtained,  boiling  at  102°  C.  This  aldehyd,  by  the  ac- 
tion of  nascent  hydrogen,  yields  the  normal  amylic  alcohol  The 
alcohol  much  resembles  that  obtained  by  fermentation,  but  has  a 
higher  boiling  point,  137°  C.  under  a  pressure  of  740"*"*.  The  au- 
thors have  prepared  from  it  the  chlorid,  bromid,  iodid  and  acetate 
of  amyl,  all  of  which  possess  higher  boiling  points  than  the  cor- 
responding ordinary  amylic  ethers.  The  constitution  of  the  nor- 
mal alcohol  must  be  expressed  by  the  formula, 


CH^ 


H 


H3C  CH3 


CHjj .  OH 


CH,  =    C^JJ 

CH^ .OH  I  ^" 

while  conmion  amylic  alcohol  has  probably  the  formula  attributed 
to  it  by  Erlenmeyer, 

rCH,.CH(CH3), 

V 

CH       =COl 

H 
OH 

The  authors  promise  a  detailed  description  of  the  normal  vale- 
ric acid  and  its  salts. —  Comptes  Rendus^  Ixxi,  369.  w.  g. 

6.  Transformation  of  the  fatty  acids  into  the  corresponding  alco- 
hols.— Saytzefp  has  given  a  method  of  passing  from  the  fatty 
acids  to  the  corresponding  alcohols,  which  possesses  much  inter- 
est. An  amalgam  of  sodium  of  3  per  cent  is  to  be  introduced 
into  a  flask,  and  a  mixture  of  one  molecule  of  the  chlorid  and  two 
of  the  acid  introduced,  the  mixture  being  cooled.  After  12  hours 
water  is  added,  the  liquid  distilled,  and  the  distillate  saturated 
with  potassic  carbonate.  The  product  separated  is  the  ether  form- 
ed by  the  fatty  acid  with  the  corresponding  alcohol.  This  may 
then  be  saponified  by  potash.  In  this  manner  the  author  prepared 
propylic  and  butylic  alcohols. — BuU,  de  la  Socikti  Chimique^  xiii, 
p.  61.  w.  G. 

II.   GEOLOGY  AND   MINERALOGY. 

1.  Laurentian  Rocks  of  Nova  Scotia;  by  Rev.  Dr.  Honetman", 
F.G.S.,  <fcc. — In  this  communication  I  propose  to  make  a  few 
observations  bearing  upon  remarks  made  by  Dr.  Hunt  on  the  above 
subject,  in  the  July  number  of  the  American  Journal  of  Science. 

While  I  was  engaged  in  the  service  of  the  Canadian  Survey, 
ascertaining  the  extent  of  the  distribution  of  the  Upper  and 
Middle  Silurian  rocks  of  Arisaig,  I  unexpectedly  came  upon  a 
band  of  crystalline  rocks,  of  considerable  thickness  and  of  great 
lithological  variety.  There  was  a  succession  of  difierent  kinds  of 
diorites  and  homblendic  rocks,  traversed  with  veins  of  quartz 
and  many  granular  limestones.  These  extended  about  two  miles 
along  the  shore,  stretching  at  the  same  time  both  into  the  sea  and 


418  Scientfic  Intell'gence, 

land.    After  these  came  a  thick  band  of  ophites  and  ophio-caleitea. 
Sacceeding  these  were  bands  of  diorites  and  homblendic  slates, 
with  quartz  veins  containing  mica  in  crystals,  and  then  white 
feldspar  rock  of  considerable  thickness  with  green  veins,  and  a 
thick  band  of  rose-colored  feldspar.   I  was  convinced  that  I  had  dis* 
covered  a  series  of  Laurentian  rocks.     In  geological  position  it  ii 
nnquestionably  inferior  to  the  Arisaig  series,  which  ranges  from  the 
Medina  and  Oneida  through  the  Clinton,  Niagara  (?),  Lower  Held- 
erl)erg,  and  possibly  the  Devonian,  into  the  Lower  Carboniferoua 
There  apj)eared  to  me  to  be  a  sufficient  lithological  resemblance, 
between  these  rocks  and  those  of  Canada  and  N  ewfoandland  Lau- 
rentian, to  warrant  the  conclusion.     Dr.  Hunt  gives  me  the  credit 
of  having  profited  by  his  suggestions,  and  the  descriptioDS  of 
Laurentian  rocks  given  bv  the  Canadian  Survey,  and  assures  the 
readers  of  the  Journal,  that  these  first  brightened  my  ideas  in 
reganl  to  the  geological  age  of  the  rocks  in  question.     Dr.  Hunt, 
however,  knows  right  well  that  I  had  other  and   much  better 
means  of  acquiring  the  requisite  knowledge.     I  spent  the  greater 
part  of  six  months  in  the  Paris  Exhibition,  in  the  immediate  vicinity 
of  the  Canadian  Survey  collection  of  rock  specimens,  from  the 
Laurentian  rocks  of  Canada  and  Newfoundland,  and   ttiose  who 
know  me  know  that  I  am  not  in  the  habit  of  allowing  such  good 
opportunities  to   pass   unimproved.     After  Mr.   Richardson  had 
finished  the  arrangement  of  these  rocks  in  the  Canadian  depart- 
ment of  the  Exhibition,  when  there  was  no  geologist  in  the  Canadian 
and  Newfoundland  courts,  my  duties  as  Executive  Commissioner 
in  the  Nova  Scotia  department  requiring  my  constant  attendance, 
I  had  frequent  occasion  to  direct  the  attention  of  Eluglish  and 
Continental  geologists  to  the  rock  specimens  referred  to ;  so  that  I 
was  not  altogether  ignorant  of  their  character  and  appearance. 

Thus  schooled  I  considered  the  rocks  discovered  to  be  Lattrm- 
Han,  The  first  to  whom  I  communicated  the  discovery  was  H.  R 
Hill,  Esq.,  High  Sheriff  of  Antigonish,  who  had  often  accompanied 
me  in  my  Aiisaig  trips,  and  whose  knowledge  of  the  Silurian  rocks 
of  Arisaig  and  the  places  where  fossils  occur  is  somewhat  intimate. 
To  him  I  declared  positively  that  I  had  found  the  Laurentian 
rocks  in  the  neighborhood  of  our  old  geological  field  ;  at  the  same 
time  I  gave  him  specimens  of  these  rocks.  Shortly  after  I  left  the 
field  on  account  of  the  inclemency  of  the  weather.  On  my  way 
home  I  had  to  pass  through  New  Glasgow ;  I  called  upon  Sir  W. 
Logan  at  his  hotel  and  showed  him  specimens  of  the  ophite  and 
ophioealcite.  He  appeared  to  hail  them  as  an  important  discov- 
ery, declared  them  to  be  of  Quebec  age,  and  recommended  a  search 
for  chromic  iron  in  the  locality.  When  Prof  Hind  inspected 
the  specimens  which  I  had  in  the  Museum,  he  appeared  then  to 
regard  them  as  Sir  W.  Logan  had  done,  and  in  his  report  on  the 
"Waverly  Gold  Fields  he  mentions  the  discovery  as  a  dis- 
covery of  Quebec  rocks.  In  the  month  of  December  following,  I 
received  a  letter  from  Sir  W.  Logan,  addressed  to  the  care  of 
W.  A.  Hendry,  Esq.,  Deputy  Commissioner  of  Nova  Scotia  Crt>wn 
Lands,  a  gentleman  who  has  had  considerable  field  experience  ss 


Oeology  and  Mineralogy,  419 

a  geoloprist,  to  whom  I  communicated  the  contents  of  the  letter. 
In  this  letter  Sir  W.  Logan  says  "  after  all  it  is  not  serpeutino  you 
have  discovered.  Dr.  Hunt  says  it  is  aii^almatolite  or  dysyntribite 
and  it  proves  nothinc^ ;  the  rocks  may  be  of  Upper  Silurian  or 
Devonian  age."  I  was  not  prepared  to  maintain  that  the  ophite 
was  not  agalmatolite  or  dysyntribite  ;  simple  test  proved  that  the 
ophiocaleitc  was  undoubtedly  a  calcite.  I  could  not  for  a  moment 
admit  that  the  strata  in  question  were  Upper  Silurian  or  Devonian. 
Any  one  knowing  the  locality  could  not  tail  to  be  convinced  that 
they  were  underlying  the  Upper  and  Middle  Silurian  of  Arisaig, 
and  therefore  might  be  Lower  Siluiian,  Fluronian,  or  Laurentian, 
but  certainly  nothing  more  recent  I  had  a  specimen  of  the  ophio- 
calcite — ophiocalcite  it  is  now  acknowledged  to  be— -polished  on 
two  opposite  sides  by  Mr.  Wesley,  marble  worker,  in  returning 
it  to  me  he  said  he  had  partly  polished  it  by  means  of  acid.  It 
turned  out  to  be  a  very  beautiful  and  peculiar  specimen.  I  ex- 
amined its  surface  by  a  combination  of  lenses  having  a  considerable 
magnifying  power,  and  observed  what  appeared  to  me  to  be  struc- 
ture. I  had  often  examined  the  magnificent  specimens  of  Eozonal 
serpentine  which  were  exhibited  in  the  Canadian  department  of 
the  Paris  Exhibition  of  1867,  which  wei*e  afterward  deposited  in 
the  Ecole  des  Mines  of  Paris.  I  also  had  received  irom  a  Bohe- 
mian geologist  in  Paris  a  specimen  of  ophiocalcite  with  IsJozoon 
Jio/temicum,  I  compared  this  with  the  ^  ova  Scotian  specimen ; 
I  became  impressed  with  the  conviction  that  if  the  Bohemian 
was  Eozonal  so  was  the  Nova  Scotian,  and  that  this  was  another 
evidence  of  the  Laurent ian  age  of  the  Nova  Scotian  rocks.  In  my 
flimplicity  and  ignorance  of  facts  advanced  in  the  Eozonal  contro- 
versy, I  did  not  know  that  serpentines  of  all  ages  might  contain 
9pecies  of  the  ffenus  Eozoon.  I  pointed  out  the  peculiar  structure 
of  the  Nova  Scotian  specimen  and  its  resemblance  to  that  of  the 
Bohemian  to  Mr.  Hendry,  already  referred  to.  He  expressed 
doubts  on  the  matter  of  structure  m  both,  as  an  unbeliever  in  the 
Eozoon  might  do.  About  the  same  time  Prof.  Lawson  of  Dal- 
housie  College  and  University,  Halifax,  came  to  the  Museum  and 
aaked  if  I  had  a  specimen  of  the  Kozoon  Canadenst ;  I  told  him 
that  I  had  not,  but  that  I  had  a  specimen  of  the  Eozoon  Bohemlcum 
and  what  might  be  called  the  Eozoon  Notyi'Seoticum,  He  ex- 
amined them,  but  replied  that  he  wanted  to  see  the  real  Eoz*jon 
Canodense.  Mr.  Hendry  confirms  the  above  statements  as  far  as 
he  is  referred  to,  in  the  presence  of  Dr.  How  of  Kings  College  and 
University,  Windsor,  to  whose  friendship  and  kindness  I  am  in- 
debted for  the  loan  of  a  copy  of  the  number  of  the  American  Jour- 
nal of  Science,  containing  Dr.  Hunt's  article  already  referred  to. 

In  the  spring  of  1H69,  I  visited  Montreal  and  took  Tinth  me 
the  polished  specimen  of  ophiocalcite.  I  gave  it  to  Dr.  Hunt  in 
the  liu)idary'8  workshop  in  Gabriel  street.  A  day  or  two  after, 
when  I  was  engaged  in  the  same  place  talking  with  Sir  W.  Logan, 
Dr.  Hunt  entered  with  the  specimen  referred  to  in  his  article,  and 
stated  to  Sir  W.  Logan  in  my  presence  to  tlie  effect  that  Dr. 
Honeyman  had  discovered  a  very  interesting  sei-ies  of  rocks ;  that 
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the  specimens  tempted  him  to  go  to  see  them,  and  that  he  beliered 
them  to  be  the  Laurentian.     Sir  W.  objected,  saying  that  the 
specimen  was  not  serpentine.     Dr.  Hant  assured  him  that  it  wu 
ophiocalcite ;  that  he  had  examined  it ;  that  the  white  effervesced 
with  acid.     He  also  named  some  of  the  constituents ;  I  do  not 
recollect  what  they  were.     Sir  W.  and  Dr.  Hunt  left.     I  heard 
nothing  more    about  the  matter    until  my  very  kind   host,  Dr. 
Dawson,  on  returning  from  a  visit  to  Gabriel  street,  told  me,  in 
his  library,  that  Dr.  Hunt  had  said  to  him  that  certain  rocks  that 
I  had  discovered  were  of  Laurentian  age ;  but  that  he  had  advised 
him  to  consider  them  first  of  all  Devoniaa     All  that  I  replied 
was,  I  heard  him  say  so.     For  certain  private  reasons  I  expressed 
no  opinion  on  the  subject.     When  I  returned  to  Halifax  I  arranged 
my  representative  collection  of  Nova  Scotia  rocks  in  the  Provincial 
Mnseurn  under  my  charge,  thus :    Arisaig  ophite,  ophiooalcite  and 
porphyritic  diorite,  at  the  bottom  of  the  series;    granites,  new 
gneissoid  rocks  of  Prof.  Hind,  next ;  andalusite  rock  and  slates 
next ;  and  thus  they  had  remained  until  the  present  time.    Many  a 
time  have  I  pointed  out  these  rocks  to  visitors  who  take  an  interest 
in  such  matters,  and  told  them  the  lowest  ones  were  laurentian. 
I  have  certainly  not  been  silent,  as  Dr.  Hunt  informs  the  n*aden 
of  the  American  Journal  of  Science,  although  the  sound  of  mv 
voice  may  not  have  reached  Gabriel  street,  MontreaL     I  coold 
name  many  witnesses  to  attest  this. 

I  would  now  observe  that,  from  one  cause  or  other,  I  had  never 
met  with  Prof  Hind  since  the  time  already  referred  to,  until  a  day 
or  two  after  he  had  read  a  paper  on  his  discovery  of  the  Laurentian 
rocks,  before  the  Nova  Scotia  Institute  of  Natural  Science.  He 
came  to  meet  Dr.  Lawsou  in  the  Museum.  He  commenced  dis- 
cussing the  subject  of  his  discovery.  I  then  turned  his  attention 
to  my  collection  of  rocks ;  showed  him  the  Laurentian  of  Arisaiff, 
and  gave  him  a  detailed  account  of  the  opinions  expressed  in 
regard  to  them.  He  informed  me  that  he  had  announced  his  dis- 
covery of  the  Laurentian  gneissoid  in  Sherbrooke  and  elsewhere, 
to  Sir  Roderick  Murchison,  Sir  W.  Logan,  <fcc.  Not  long  after  a 
letter  was  inserted  in  the  Halifax  Morning  Chronicle,  addressed  by 
Prof  Hind  to  the  Hon.  Robert  Robertson,  M.K.C.,  Commissioner 
of  Mines  and  Public  Works,  dated  Windsor,  10th  Feb.,  1870,  from 
which  1  give  the  following  extracts :  "  Under  date  Montreal,  Feb. 
3, 1870,  Dr.  Hunt  informs  me  that  recent  microscopic  examination 
of  some  of  the  specimens  sent  by  Dr.  Honeyman,  has  revealed 
wellrdefined  '  Eozoon  Canadense.'* "  "  This,"  continued  Dr.  Hunt, 
"  must,  I  conceive,  be  conctttsive  evidence  of  their  Laurentian  age,^ 
"  Dr.  Dawson,  in  a  separate  communication,  confirms  the  identifi- 
cation of  the  Eozoon.'' 

I  lind,  however,  that  in  the  discussion  that  followed  the  readmg 
of  the  paper,  "  On  the  Laurentian  rocks  of  Arisaig,  N.  S^"  ad- 
dressed to  the  Geological  Society  of  London,  Dr.  Dawson  remarked 
that  the  Arisaig  Eozoon  was  diiferent  from  that  of  Canada;  that 
the  Eozoon  JBohemlcam  belonged  to  a  formation  more  recent  than 
the  Laurentian,  and  that  the  Arisaig  Eozoon  did  not  prove  the 
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rocks  to  be  Laurent ian.  Vide  printed  abstract  of  the  proceedings 
of  the  Geological  Society  of  London. 

I  do  not  regard  the  discovery  of  Eozoon  as  the  only  evidence  of 
the  Lauren tian  age  of  the  Arisaig  rocks.  I  consider  that  relative 
position,  in  connection  with  lithologicnl  character,  must  have  some- 
thing to  do  with  the  determination  of  their  age.  Besides,  is  it  not 
possible  that,  as  there  appear  to  be  new  different  species  of  Eozoon 
belonging  to  different  countries  and  different  ages,  that  there  may 
be  different  species  in  different  countries,  but  still  of  the  same  age, 
and  still  that  the  Nova  Scotian  species  is  still  Laurentian. 

Another  extract  from  Prof.  Hind's  letter :  Dr.  Hunt  says,  in 
bis  letter  already  referred  to,  "  A  line  from  the  Laurentian  of 
Malignant  Cove  (Arisaig)  to  that  in  Newfoundland,  will  pass 
through  Cape  Breton,  and  we  can  now  look  for  limestone  and 
Elozoon  there."  Is  it  not  possible  that  the  thought  may  have  oc- 
curred to  some  one  else  besides  Dr.  Hunt?  Perhaps  Dr.  Hunt  has 
forgotten  something  that  happened  during  the  Exhibition  in  Paris 
of  1867.  He  came  into  the  Nova  Scotian  Court,  accompanied  by 
Prof  Lesley  of  Philadelphia ;  he  found  among  the  polished  speci- 
mens of  marble  a  green  one  which  arrested  his  attention ;  he  asked 
where  it  came  from,  and  was  told  that  it  came  from  Cape  Breton, 
(having  been  furnished  by  Mr.  Hendry  already  referred  to.)  This 
specimen  also  attracted  the  attention  of  Prof  Wyville  Thompson, 
an  Eozoonal  unbeliever,  who  was  a  member  of  the  International 
Jury;  he  said  that  it  had  Eozoonal  structure ;  he  wished  to  have  it 
and  got  it ;  he  took  it  to  London  where  it  made  no  small  stir  among 
the  believers  in  the  Eozoon,  and  gave  occasion  for  a  little  ingen- 
ious explanation  on  the  part  of  Dr.  Hunt ;  so  I  was  informed. 

Anotner  extract  from  Wof  Hind's  letter :  "  It  is  thus,  that  Dr. 
Honeyman's  opinions  have  been  beautifully  verified,  but  it  would 
have  greatly  enhanced  the  gratification  which  Dr.  Honeyman  must 
(eel  if  the  announcement  had  been  made  a  year  and  a  half  ago." 

As  might  be  expected  this  observation  caused  some  excitement 
in  Gabriel  street.  In  order  to  rebut  the  above  implied  charge, 
doubtless.  Dr.  Hunt  finds  fault  with  me  for  not  expressing  my 
views,  relative  to  the  age  of  the  rocks  in  question,  in  my  official  re- 
port. I  answer,  I  studiously  avoided  expressing  any  opinion  on 
controverted  points  in  my  report,  and  made  it  a  simple  record  of 
facts.  As  far  as  I  recollect,  I  mentioned  the  discovery  of  the  rocks 
HntpHciter,  It  appeal's  that  my  alleged  silence  is  considered  by 
Dr.  Hunt  as  "  Hmply  inco7nprehensible,'*'*  I  think  I  can  bring  the 
matter  to  the  level  of  the  comprehension  of  even  a  less  acute  per- 
son than  Dr.  Hunt.  I  have  already  shown  that  the  term  silence^  if 
meant  literally,  is  not  a  proper  term  to  use  in  the  case,  as  I  have 
not  been  8iUnt  on  the  subject.  If  by  silence  he  means  that  I  had 
not  addressed  a  communication  on  the  subject  to  any  scientific  So- 
ciety or  Journal,  until  the  publication  of  Prof.  Hind's  letter.  Dr. 
Hunt  has  hit  the  mark  My  defense  is,  I  had  not  been  able  on 
account  of  the  inclemency  of  the  weather  and  lateness  of  the  sea- 
son, to  examine  the  rocks  in  a  maimer  so  thorough  and  satisfactory 
as  was  desirable ;  I  did  not  think  there  was  any  great  hurry  in  the 
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matter,  as  I  did  anticipate  the  great  discoveries  of  my  excellent 
friend  Prof.  Hind.  I  have  not  yet  had  the  desired  opportunity, 
and  yet  1  have  had  to  write  on  the  subject :  first,  to  the  Geological 
Society  of  London  at  the  request  of  Prof  Hind ;  second,  to  the 
American  Journal  of  Science,  at  the  instigation  of  Dr.  Hunt 

2.  Descriptitma  ofFossih  collected  by  the  U,  S.  GeoUtgical  Sitrvey 
under  tlve  charge  of  Clarence  King^  Esq,  (Proc.  Acad.  Nat  Scl, 
PhihuL,  No.  1,  1870). — Mr.  Meek  prefaces  his  numeroos  descrip- 
tions of  new  species  by  the  following  obserrations,  addressed  to 
Prof  Joseph  Leidy. 

1  send  herewith,  to  be  presented  for  publication  in  the  Proceed- 
ings of  the  Academy,  descriiitions  of  a  few  of  the  fossils  brought 
in  by  the  United  States  Geological  Survey  under  the  direction  of 
Clarence  King,  Esq.  You  will  please  state,  in  presenting  the  paper, 
that  the  Trilobites  described  in  it  from  Eastern  Nevada^  are  deci- 
dedly Primordial  types,  and,  so  far  as  I  know,  the  first  fossils  of 
that  age  yet  brought  in  from  any  locality  west  of  the  Black  Hilk 
Mr.  Kmg  k  collections  also  establish  the  fact  that  the  rich  silver 
mines  of  the  White  Pine  district  occur  in  Devonian  rocks,  though 
the  Carboniferous  is  also  well  developed  there.  The  Devoniaii 
beds  of  that  district  yet  known  by  their  fossils,  seem  mainly  to 
belong  to  the  upper  part  of  the  system.  Mr.  King,  however,  has 
a  few  fossils  from  Pinon  Station,  Central  Nevada,  that  appear  to 
belong  to  the  horizon  of  the  Upper  Helderberg  limestone  of  the 
New  1  ork  series. 

The  Tertiary  fossils  described  in  this  paper,  from  the  region  <rf 
Hot  Spring  Mountains,  Idaho,  came  from  an  extensive  and  int€^ 
esting  fresh-water  Lacustrine  deposit,  and  ai*e  all  distinct  specifio- 
ally,  and  some  generically,  from  all  the  other  Tertiary  fossils  yet 
brought  from  the  far  west  Two  of  the  species  belong  to  the  ex- 
isting California  genus  Carinifex,  or  some  closely  aUied  group, 
while  another  beautifully  sculptured  species  was  thought,  by  mx. 
Tryon,  to  whom  I  sent  a  specimen  of  it,  to  be  possibly  a  true 
Mdania^  and  allied  to  existing  Asiatic  forms. 

It  is  an  interesting  fact,  that  among  all  of  our  fresh-water  Ter 
tiary  shells  from  this  distant  internal  part  of  the  Continent,  nei- 
ther the  beaks  of  the  bivalves,  nor  the  apices  of  the  spire  in  the 
univalves,  is  ever  in  the  slightest  degree  eroded;  even  the  most 
delicate  markings  on  these  parts  being  perfectly  preserved,  if  not 
broken  by  some  accident.  From  this  fact  it  may  be  inferred  that 
the  waters  of  the  lakes  and  streams  of  this  region,  during  the 
Tertiary  epoch,  wej\»  more  or  less  alkaline,  as  is  the  case  with  many 
of  tliose  there  at  the  present  day. 

These  descriptions,  as  well  as  others  that  I  expect  to  send  yoa 
soon,  are  men^ly  preliminarv  and  will  be  re-writt^n,  and  presented 
with  full  il  lust  nit  ions,  now  in  course  of  preparation,  in  Mr.  King's 
re|H>rt  of  his  8un*ey. 

8.  Dj^-overy  of  a  Mastodon.— On  Friday  last,  Mr.  Fletcher  Co^ 
n?ll,  a  farmer  residing  one  and  one-half  miles  southeast  of  Ilhopo- 
lis,  in  this  county,  was  digging  a  well  upon  his  place,  when,  at  the 
depth  of  about  four  feet  trom  the  siiTnioe,  he  struck  a  hard  sab- 
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stance,  at  first  supposed  to  be  a  stone  or  piece  of  wood  imbedded 
in  the  earth ;  but  upon  digging  farther,  it  was  discovered  to  be 
the  remains  of  a  mastodon. 

The  bones  were  in  a  fair  state  of  preservation,  and  exhibited  a 
dark,  spongy,  porous  appearance.  One  of  the  tusks,  which  was 
broken  m  removing  it  from  its  long  resting  place,  proved  to  be, 
when  measured,  nearly  ten  feet  in  length,  and  twenty  nine  inches 
in  circumference  three  feet  from  the  lower  end.  The  other  tusk, 
and  the  main  portion  of  the  skeleton,  are  now  being  lifted  from  the 
earth,  and  will  probably  be  added  to  the  collection  of  fossils  now 
being  made  by  our  state  Geologist,  Professor  Worthen. 

•  The  part  of  this  huge  creature  which  was  exhibited  in  our  office 
in  the  presence  of  Professor  Worthen,  was  a  piece  of  the  lower  left 
jaw,  about  two  feet  in  length,  and  at  least  the  same  in  circum- 
ference. It  contained,  in  a  fine  state  of  preservation,  one  of  the 
great  jaw-teeth. — Daily  State  Journal^  of  Sitringfidd^  Illinois^ 
Sept.  1.    Received  from  C.  L.  Conkling. 

4.  Description  of  the  Cavern-  of  ^runiquel^  and  its  organic  Can- 
tents  ;  by  Professor  Owen.  Part  I,  Human  and  £k][uine  Remains. 
55  pp.  4to,  with  six  plates.  (Phil.  Trans.,  1870;  communicated 
to  the  Royal  Soc,  June,  1864). — Professor  Owen,  after  describing 
the  human  remains,  draws  from  them  the  following  conclusions : 

"  They  exemplify  the  distinctive  characteristics  of  the  human 
genus  and  species,  as  decidedly  as  do  the  corresponding  parts 
of  the  present  races ;  they  show  most  affinity  with  the  oldest 
Celtic  types,  the  cranium  being  oval,  and  rather  dolicho-  than 
brachy-cephalic  in  its  general  proportions  ;  the  cranial  capacity  or 
brain  corresponds  with  that  of  uneducated  Europeans  of  Celtic 
origin,  and  exceeds  that  of  the  average  Australian  aboriginals." 

Some  of  the  bones  accompanying  the  human  remains — those  of 
the  deer  especially — are  covered  with  drawings,  representing  the 
heads  of  horses  and  showing  much  artistic  skill ;  and  from  these 
draughtsmen  of  the  cave-dwelling  people,  we  thus  learn  that  the 
horse  of  the  era,  Equus  speloeus,  had  short  pointed  ears,  and  that 
the  stallions  had  beard-like  hairs ;  and  from  the  antler  of  a  rein- 
deer, found  in  another  cavern,  that  of  La  Madelaine,  in  Dordogne, 
we  have  the  additional  fact  that  the  tails  of  these  early  horses 
were  short  and  frimished  with  long  hairs  to  their  base,  having 
"  Cauda  undique  setosa,"  instead  of  "  cauda  extremitate  setosa, 
a  fact  repeated  seven  times  on  the  antler.  The  horse  is  of  the 
same  species  that  occurs  in  certain  quaternary  beds  in  France,  for 
example,  those  near  the  Tour  de  Juvillac,  Ptly-de-Dome,  and 
belongs  to  the  restricted  genus  Eqims^  and  not  to  that  including 
the  zebra  and  ass  {Asinns).  Prof  Owen  concludes  with  the  fol- 
lowing paragraph  : 

"No  satisfactory  evidence  of  an  aboriginal  feral  Equus  cahaUus 
has  yet  been  obtained  by  the  Naturalist.  No  specimen  of  such 
exists  in  any  Museum.  The  doubts  expressed  by  Forster  and 
Pallas  as  to  the  alleged  wild  horses  of  the  Ukraine,  viz:  that  they 
might  be  descendants  from  strayed  domestic  horses,  have  not  yet 
been  cleared  up.     I  believe  the  illustrations  contained  in  the  preo- 
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ent  paper  to  be  the  best,  if  not  sole,  evidences  of  the  wild  origi- 
nals of  some  of  our  domesticated  breeds.  Like  the  alleged  inld 
horses  of  Prussia,  those  of  Aquitaine,  in  the  time  of  the  flint- 
armed  hunters  and  cave-dwellers,  were  doubtless  *'  shy  and  difficult 
of  capture,  but  very  good  venison." 

The  above  memoir  is  followed  by  another,  under  the  same  cover, 
entitled  Supplementary  Remains  of  Equines  from  Central  and 
SoiUh  America  referable  to  £quus  conversidens  Oto.^  Equus  tan  Or., 
and  Equus  arcidons  Ouj,  In  this  paper  Professor  Owen,  besides  dis- 
cussing the  characters  of  the  difierent  kinds  of  fossil  horse  in  the 
regions  referred  to,  treats  of  their  relations  to  the  extinct  genen 
Macraiichenia^  Nesodon^  and  Toxodon^  and  illustrates  the  subject 
with  numerous  figures  on  six  lithographic  plates.  He  observes 
that  according  to  the  facts  made  out,  the  most  ancient  EqiUDes  (A 
the  South  American  continent  present  modifications  of  the  upper 
molars,  and  more  especially  of  the  lower  molars,  which  supply  » 
additional  link  between  the  Equines  with  other  perissodactyle 
Ungulates,  and  the  group  including  Toocodon  and  the  other  genera 
above  mentioned. 

6.  I'/ie  North  A?nerican  Lakes  as  Chronometers  of  I^osi-giaeial 
time. — ^Dr.  E.  Andrews,  the  author  of  this  paper,  noticed  at  p.  264 
of  this  volume,  states,  in  a  recent  letter,  that  his  method  of  calcu- 
lation eliminates  the  error  alluded  to  in  the  notice,  due  to  the 
wearing  away  of  the  sands.  He  says  that  in  the  calculation,  ^  the 
first  element  is  the  age  of  the  lower  beach,  which  is  obtained  bv 
ascertaining  the  age  of  its  cotemporary  terrace  of  erosion ;  thJs 
settles  the  approximate  age  of  the  lower  beach  without  liabilitj 
to  error  from  attrition  of  sand.  The  age  of  the  upper  beaches  is 
deduced  by  comi)ari8on  of  their  relative  masses  with  the  lower. 
Now  as  the  attrition  was  going  on  at  about  tlie  same  rate  at  all 
ages,  the  relative  loss  by  attrition  would  be  strictly  proportioned 
in  all  the  beaches,  and  then  so  far  as  time  is  concerned  would  be 
unchanged." 

6.  Uescriptions  of  7ieio  Fossil  Shells  of  the  Upper  Am^azon;  by 
T.  A.  Conrad,  (Am.  J.  of  Conch.,  Oct.  10,  1870). — ^Mr.  Conrad 
describes  several  species  of  shells  from  the  deposit  at  Pebas,  on 
the  Amazon,  visited  by  Prof.  Orton,  (see  p.  294  of  this  volume). 
They  include  a  number  of  species  of  Pachydon^  Gabb,  and  a 
bivalve  near  Midleria^  besides  gasteropods  of  the  genera  Isf^a 
Conrad,  Semisitiiis^  I>yris  Conrad,  N'eritina^  Bulimus.  The 
Bulimus  is  the  only  land  shell  in  the  collection.  The  spedes 
"  may  have  lived  either  in  fre.  h  or  brackish  water,  but  are  certainly 
not  of  marine  origin."  They  appear  to  be  all  extinct,  and  if  so, 
they  "  cannot  be  later  than  the  Tertiary." 

7.  Restoration  of  a  Flyifiy  I) r(iy on  (Jjunorphodon  macronyx  0,) 
from  fossil  remains  in  the  Lia^^-clijfs  of  Dorsetshire  /  by  ProL 
Owen,  F.R.S.  (Pages  463-502  of  Pal.  Soc.  volume  for  1869).  With 
two  plates.  London,  1870. — Prof  Owen's  memoir  contains  a  full 
and  detailed  account  of  this  remarkable  Pterosaur,  and  illustrates 
it  by  admirable  lithographs.  He  does  not  agree  with  Mr.  BL  6. 
Seeley  with  regard  to  the  relations  of  Pterosaurs  to  Birds. 
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8.  Remarks  on  Prof,  (hoen^a  Monograph  on  Dimorphodon;  by 
H.  G.  Sbeley,  F.G.S.,  (fi-om  the  Ann.  Mag.  Nat.  Hist.,  Aug.,  1870. 
24  pp.) — Mr.  Seeley  in  this  paper  presents  his  objections  to  the 
views  of  Pro£  Owen  on  the  Dimorphodon. 

9.  Geological  Charts. — ^The  second  edition  of  von  Dechen's  genr 
eral  geological  chart  of  Germany,  France  and  England  and  the 
adjoining  countries,  was  published  at  Berlin  in  1869,  and  a  geo- 
logical chart  of  Germany  by  the  same  able  author  in  1 870. 

The  Royal  "  Comitato  Geologico,"  of  Italy  have  announced  that 
they  will  publish,  the  coming  year,  a  small  geological  map  of  Italy. 

10.  Carte  Qiologique  du  versant  Occiakntal  de  VOwral ;  by 
VAiisRiBN  DB  M5LLBB.  1869.  Scalo  TTTT.VTnr*  ^  beautiful  colored 
geological  chart  of  the  Western  or  European  slope  ot  the  Urals, 

11.  Second  Annual  Report  upon  the  Geology  and  Mineralogy 
of  the  State  of  New  Hampshire ;  by  C.  H.  Hitchcock,  Prof  GeoL 
and  Min.  in  Dartmouth  College.  38  pp.  Svo.  Manchester,  N.  H. 
1870. 

III.    BOTANY  AND  ZOOLOGY. 

1.  Martius,  Flora  Rrasiliensis:  fasc.  xlix,  Cyatheaceoi  et  Poly* 
podiacecB.  Exposuit  J.  G.  Bakbb. — The  other  suborders  of  Filices 
were  worked  up  by  J.  W.  Sturm,  and  were  published  in  1859.  To 
illustrate  the  different  ways  in  which  these  two  fern-authors  regard 
species,  one  may  look  at  the  genus  Aneimia^  of  which  Mr.  Baker 
in  the  "  Synopsis  Filicum "  recognizes  but  twenty-six  species  for 
the  whole  world,  while  Sturm  describes  not  less  than  thirty-one 
species  peculiar  to  Brazil,  besides  thirteen  common  to  Brazil  and 
,.  some  otner  countries,  and  five  more  not  yet  reported  from  Brazil, 
but  likely  to  be  found  there.  Mr.  Baker  seems  to  diminish  the 
number  of  species  at  every  step ;  many  that  were  recoffnized  in  the 
"  Synopsis "  being  reduced  to  synonyms  in  the  work  now  under 
consideration.  For  instance,  jLomaria  JaHemiinieri  and  L, 
lanceolata^  placed  in  different  grouns  in  the  Synopsis,  are  now 
made  into  one  species.  So,  too,  Rlecnnum  Fendleri  is  joined  to  S, 
longtfolium^  and  Polypodiuni  (Phegopteris)  rigidwn  to  Aspidium 
cundecUum.  Gymnogramme  calomelanos  swallows  up  G.  tartarea^ 
having  long  ago  digested  G.  chrysophylla^  Massoni^  Peruviana^ 
Ac.,  and  many  other  such  instances  might  easily  be  pointed  out. 
But  all  this  reduction  seems  to  have  been  done  only  after  patient 
study  over  many  specimens,  and  it  is  gratifying  to  see  this  em- 

Shatic  protest  against  the  flood  of  new  species  with  which  we  are 
eluged  by  continental  authors.*     The  author's  industry  and  re- 

*  The  publication  in  Linnsea  by  Dr.  Kiibn  of  manuscript  names  left  by  the  late 
Dr.  Mettenius.  inanj  of  which  the  maturer  judgment  of  the  latter  would  doubt- 
less hnve  withheld,  gives  to  Botany  seyeral  hundred  "  new  species ;" — a  few  ex- 
amples of  them  from  one  genus,  by  no  means  a  large  one.  are  subjoined. — PdUsa 
intermedia,  founded  on  Mr.  Wright's  New  Mexican  No.  825,  is  said  to  be 
'*  perhaps  u  hybrid  between  P.  scigittata  and  P.  flexuodOj"  forms  which  in  all  prob- 
ability both  belong  to  P.  eordata;  PeUaa  myrtiHifoUa^  is  the  Chilian  form  of 
P.  andromedcefolia ;  Pettcea  microphyUa  is  the  new  name  for  the  New  Mexican 
specimens  of  P.  pulcheVa^  and  Peficea  gUtbei/a  rests  upon  St.  Louis  and  Wisconsin 
specimens  of  P.  tUropurpu/reOy  with  an  unusually  glabrous  stipe  and  rhsehia. 

Am.  Joub.  Box  — Sbookd  Sibibs,  Vol.  L,  Na  160.— Noy.^  1S7Q. 
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search  have  anearthed  a  few  long  baried  and  forgotten  names  for 
well  known  ferns: — Fteris  geranicBfolia  BAddi  (1825)  was  found 
by  Dr.  Kuhn  to  be  the  same  as  Pleris  Pohliana  of  P^nesL  (1822), 
and  now  we  must  go  back  twelve  years  more  to  Pteris  concoicr 
Langsdorff  and  Fisher  (1810).  Can  any  one  find  a  vet  more  an- 
cient name  for  it  ?  It  is  gratifying  to  see,  in  a  note,  that  the  Afri- 
can CheUanthes  Kirkii  is  now  confessed  to  be  probably  an  adian- 
topsoid  variety  of  this  same  species,  the  only  difference  being  in 
the  interrupted  instead  of  contmuoos  involucre. 

Synonymy  given  by  Mr.  Baker  is  ample  without  being  profose : 
the  characters  are  well  drawn  up,  and  the  descriptions  clear. 
There  are  several  pages  of  letter  press  devoted  to  the  geographicti 
distribution  of  Brazilian  Gytheaceae  and  Polypodiaceae.  if  the 
orders  elaborated  by  Dr.  Sturm  could  have  been  included  in  the 
notes  and  tables  relating  to  geographical  distribution,  it  would 
have  been  very  acceptable  to  Ptendologists,  but,  as  Mr.  Baker  re- 
marks, the  former  suborders  were  written  under  such  a  very  difilnr- 
ent  theory  of  species  that  they  could  not  be  joined  with  the  present 
ones  in  any  kind  of  synoptical  table.  There  are  thirty-eightplates 
of  Nature-printed  fragments  of  Fern-fronds,  borrowed  from  Etdoff- 
shausen,  and  thirty-two  more  cut  on  stone,  from  drawings  by  Fit^ 
Hipsley  and  Kunze,  with  a  single  one  done  under  the  eye  of  Dr. 
Eichler  at  Munich.  ix  c.  jl 

Oxford  Botanists  is  the  theme  of  a  discourse  pronounced  by 
Prol   Lawson, — the   successor   in  the  professorial   chair  of  the 
worthies  he  commemorates, — at  the  recent  Congress  held  at  Ox- 
ford by  the  Royal  Horticultural   Society.     The  history   begins 
with  the  foundation  of  the  Botanic   Garden  by  Henry  EiuT  of 
Danby,  in  1632,  and  with  the  installation  of  Ja^oh  Bobart^  the 
first  curator.     It  gives  a  biography  of  Dr,  Morison  the  first  pro- 
fessor, appointed  in  1669;  of  his  successor,  Jacob  JBobarty  the  sec- 
ond ;  of  hr,  Sherard^  or  "  Sherwood "  who  re-endowed  the  chair, 
and  of  DiUenius  whose  appointment  he  provided  for  in  his  will; 
of  Dr,  Humphrey  Sibthorp^  the  next  incumbent,   and  his  dis- 
tinguished son,  Dr,  John  Sibthorp^  who  succeeded  his  father  in 
1784,  and  died  at  the  age  of  38  in  1T96,  bequeathing  new  endow- 
ments and  the  foundation  of  the  associated  chair  of  Rural  Ek^onomy, 
after  providing  for  the  publication  of  the  sumptuous  Plora  Grcfca. 
His  successor  Dr,  WiUiains  is  mentioned ;  and  an  interesting  no- 
tice of  the  late  incumbent  and  patron.  Dr.  Daubeny^  brings  down 
the  history  to  the  present  time. 

Dr.  Hasskarl,  who  has  long  been  studying  the  Commelynaoeuf^ 
has  just  issued  a  monograph  of  the  Indian  species,  especially  of 
the  Archipelago,  with  occasional  genera  and  species  of  other  parts 
of  the  world ;  an  octavo  of  182  pages,  published  at  Vienna.  Even 
in  this  partial  representation  of  the  order  over  forty  genera  are  ad- 
mitted !  Some  valuable  criticisms  of  Dr.  HasskarPs  work  in  this 
order  will  be  found  in  a  paper  by  Mr.  Clarke,  mentioned  below. 

TTie  Journal  of  the  Linnean  Society^  Nos.  64,  66,  issued  to- 
gether in  September  of  this  year.  The  first  and  the  most  impo^^ 
ant,  as  well  as  the  lougeat^  «ixticl<&  ia 
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A  Revision  of  the  Oenera  and  Species  of  Herbaceous  Capsular 
Oamophyllous  Liliacece^  by  J.  G.  Baker,  F.L.S.,  <fcc.  The  ad- 
jectives here  employed  distinctly  limit  the  portions  of  the  great 
Liliaceous  family,  to  which  Mr.  Baker  here  devotes  himself.  That 
he  intends  to  go  through  the  order  in  this  way  seems  probable, 
and  it  is  desirable.  In  treating  incidentally  of  the  limitation  of 
lAliaceoBy  he  refers  without  qualification,  to  "  characters  which  are 
universally  regarded  as  of  ordinal  value,  in  the  extrorse  anthers, 
separated  styles  and  septicidally  dehiscent  capsules  of  Colchi- 
cacece"  apparently  under  the  impression  that  these  characters  and 
their  converse,  run  harmoniously  parallel  throughout.  The  excep- 
tions, however,  which  have  already  been  noted  and  placed  upon 
record,  and  the  way  in  which  some  of  these  opposed  characters 
blend,  may  upon  consideration  show  that  so  complete  a  separation 
is  hardly  practicable;  and  indeed  the  attempt  has  been  aban- 
doned by  at  least  three  botanists  already,  two  of  them  authors  of 
British  Floras,  and  of  whose  views  Mr.  Baker  would  be  likely  to 
be  particularly  well-informed.  Hdonias  and  Chamoelirium^  on 
one  hand,  are  loculicidal  in  dehiscence,  while  some  near  Japanese 
relatives  of  Helonias  have  united  styles,  and  Tofieldia  has 
introrse  anthers.  Then  the  two  elements  which  constitute  ex- 
trorsion  or  introrsion  of  the  anthers  may  not  coincide.  The  anthers 
of  Uvularia^  being  adnate,  are  plainly  extrorse,  yet  the  lines  of 
dehiscence  are  almost  exactly  lateral.  If,  then,  we  regard  the 
fixation  rather  than  the  lines  of  dehiscence  as  the  more  essential, 
Jjilium  itself  comes  into  the  category  of  extrorse  anthers  (as  first 
noticed,  long  ago,  by  Dr.  Chapman),  for  its  anthers  are  extrorsely 
attached  although  slightly  introrsely  dehiscent.  Medeola  is  in  the 
same  case,  while  TriUiuni  is  nearly  as  in  Uvularia.  !Mr.  Baker 
brings  the  plants  he  deals  with  under  27  genera,  including  our  ^ks- 
perocaUis^  which  had  escaped  notice  when  the  Clavis  was  printed. 
As  to  this  very  rare  and  little-known  plant,  he  expresses  a  natural 
doubt  as  to  its  generic  distinctness  from  Ilemerocallis,  which  in- 
habits a  widely  distant  part  of  the  world.  We  are  now  able  to  state 
that,  like  Semerocallis^  the  blossoms  cmen  in  the  morning  and  close 
at  night.  This  is  on  the  authority  of  Mr.  Schott,  who  proves  to  have 
been  the  first  discoverer  of  the  plant.  Moreover,  which  is  of  more 
consequence,  he  collected  and  has  supplied  us  with  the  "  bulb."  It 
really  is  a  tunicated  bulb  :  and  so  the  genus  falls  out  of  the  tribe 
SemerocaUidecB^  and  seemingly  into  Mr.  Baker's  Odontostemoneoi^ 
for  which  we  would  like  to  have  Mr.  Baker  substitute  the  name  of 
MesperocaUidece,  Our  further  interest  in  this  revision,  as  regards 
N.  American  Botany,  centers  in  Brodic&a  and  its  allies.     In  this 

fenus  he  (as  well  as  jDr.  Hooker,  in  Bot.  Mag.)  retains  the  remarka- 
le  Brevoortia  of  Mr.  Wood,  which,  it  appears,  was  first  collected 
by  the  late  Mr.  Lobb ;  and  he  follows  up  tne  idea  which  this  species 
suggested  by  reducing  Torrey's  StropJwlirion  likewise  to  Brodicea, 
On  the  other  hand  he  departs  from  Bentham's  view,  and  refers  all 
the  hexandrous  species,  and  we  suppose  justly,  to  MiUay  which 
swallows  up  Triteteiay  CaUiprora^  ana  even  BTesperoscordunK    The 


428  Scientific  Intelligence. 

latter  name  is  accidentally  printed  Mesperocordium  m  the  eonspeo- 
tns ;  and  further  on,  Ife^peroscordium,  The  latter  is  perhaps  so 
intended  (and  a  laudable)  innovation,  as  it  is  hard  to  pronoance 
the  original  name,  as  must  needs  be,  with  the  accent  on  tne  penult 
On  the  CommdynaceoB  of  Bengal^  by  C.  B.  Clarke;  another  pa- 
per in  this  fasciculus  of  no  small  importance  for  the  correct  aDde^ 
standing  of  the  characters  of  these  oifficult  plants. 

Notes  on  some  Algce  found  in  the  North  Atlantic  Ocean,  by  Dr. 
Dickie.  The  results  of  the  examination  of  the  contents  of  a  bottle 
which  was  filled  in  the  midst  of  the  Atlantic,  lat  12^  N.,  long.  21° 
40'  W.  There  Capt  Mitchell,  on  the  24th  Nov.  1867,  found  a 
patch  of  sea,  12  or  14  miles  across,  closely  studded  with  a  green 
substance,  some  of  which  he  gathered.  It  is  thought  to  have  been 
wafted  there  from  the  American  side  by  the  Gu&Btream  and  the 
African  current.  The  principal  interest  to  us  is  in  the  following 
statement : — 

'^  The  substance  thus  picked  up  by  Capt.  Mitchell  was  in  excel- 
lent condition,  and,  besides  three  Algce^  contained  namerons 
fragments,  more  or  less  decayed,  of  wood,  both  endoeenous  and 
exogenous ;  seedling  plants  several  inches  long^  <mU  witJi  a  pctir  of 
cotyledons^  roots^  and  terminal  hud^  quite  fresh  ;  small  froits  par- 
tially decayed,  evidently  one-seeded  legumes;  intermixed  were 
various  microscopical  Crustacea,  and  a  conunon  oceanic  insect,  one 
of  the  HydrodromidecBy  genus  Halohates  ;  on  some  of  the  pieces  of 
drift  wood  were  numerous  elliptical  ova,  of  a  deep  orange  color, 
mixed  with  which  was  growing  the  smallest  of  the  three  Algs 
now  to  be  described." 

Leaves  do  not  absorb  moisture  from  the  atmosphere  in  the  state 
of  vapor,  according  to  a  series  of  elaborate  experiments  by  linger, 
and  afterward  by  Duchartre, — some  of  which  were  published  seve- 
ralyears  ago, — confirmed  recently  by  those  of  PriUienx. 

The  latter  reaches  this  conclusion  upon  ascertaining  that  wh^  a 
leafy  branch,  fiaccid  from  evaporation,  is  suspended  in  moist  air 
and  recovers  its  freshness — as  every  one  knows  it  promptly  does 
— ^it  does  not  gain  in  weight,  but  even  loses.  The  same  occurs  with 
leaves  furnished  with  petiole,  the  cut  end  sealed  with  wax.  Hie 
conclusion  is  that  the  moisture  by  which  the  foliage  is  freshened 
comes  not  from  the  surrounding  air  but  from  the  lower  part  of  the 
branch,  or  from  the  leaf-stalk,  the  upper  and  foliaoeous  parts  gain- 
ing at  the  expense  of  the  lower.  To  test  this,  let  the  experimast 
be  tried  with  single  leaves  destitute  of  leaf-stalk.  Duchartre  made 
a  portion  of  his  experiments  with  epiphytes,  both  Orchids  and 
JBroffteliace^e^  and  concluded  that  the  same  applied  to  the  aerial 
roots  as  well  as  the  foliage.  There  was  no  gam  in  weight  except 
when  liquid  water  reached  the  leaves,  roots,  or  other  portion  of 
the  surface,  when  absorption  was  promptly  indicated  by  increase 
in  weight :  and  it  appeared  that  this  absorption  of  liquid  water 
hardly  took  place  by  the  leaves  unless  these  were  immersed  or 
kept  long  and  thoroughly  wet.  This  again  corresponds  with  some 
<4aer  experiments  which  went  to  show  that  syringed  foliage  did 
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not  absorb  the  liquid.  As  to  aqueous  vapor,  there  being  free 
communication  by  the  stomata  between  the  air  outside  of  the  leaf 
and  that  within  its  intercellular  spaces  and  passages,  and  the  thin 
walls  of  the  parenchjrma-cells  freely  allowing  vapor  of  water  to 
pass  out,  it  is  very  difficult  to  believe  that  it  will  not  equally  pass 
inward  under  appropriate  conditions.  Hence  we  cannot  yet  re- 
gard the  question  as  concluded.  The  editor  of  the  Gardeners' 
Chronicle  (Sept.  1 7)  pertinently  suggests  that  "  it  does  not  appear 
to  have  been  remembered  that  the  density  of  aqueous  vapor  is  very 
much  less  than  that  of  dry  air.  If  the  latter  be  estimated  at  1000, 
that  of  aqueous  vapor  is  625  only, — a  circumstance  that  ou^ht  to 
be  taken  into  consideration  in  such  experiments.^'  But  if  leaves 
continue  so  to  absorb  aqueous  vapor,  they  ouorht  to  condense  or 
appropriate  it,  along  with  carbonic  acid  gas,  and  so  increase  mani- 
festly in  weight. 

An  Elementary  Course  of  Botany^  Structural^  Physiological  and 
Systematic^  by  the  late  Pro£  Henfrey,  which  was  originally  pub- 
lished (by  Van  Voorst)  in  1857,  is  this  year  renroduced  in  a  second 
edition,  "  revised  and  in  part  rewritten  "  by  Dr.  Maxwell  T.  Mas- 
ters, F.R.S.,  <fcc. — ^The  death  of  Prof.  Henfrey,  while  still  a  young 
man,  was  a  sad  loss  to  physiological  botany  in  Great  Britain.  As 
a  vegetable  anatomist  ne  was  becoming  truly  eminent.  Our  esti** 
mate  of  the  value  of  this,  his  last  work — on  the  whole  very  fa- 
vorable— was  recorded  at  the  time  in  a  somewhat  extended  review 
of  it  in  the  number  of  this  Journal  for  November,  1857  (vol.  xxiv, 
n,  p.  434-440.) 

The  preparation  of  a  second  edition  could  hardly  have  been  con- 
signed to  better  hands  than  those  of  Dr.  Masters,  who  has  evinced 
special  aptitude  for  morphological  work,  which  was  not  Pro£  Hen- 
frey's  forte.  The  alterations  and  additions  by  the  present  editor 
are  not  specially  indicated :  those  which  we  have  discovered  are 
well  adapted  to  bring  the  work  up  to  the  time,  and  to  render  it  a 
valuable  text-book«  But  we  are  oound  to  maintain  that  it  might 
have  been  more  thoroughly  "  revised  and  rewritten  "  to  great  ad- 
vantage. It  could  hardly  be  expected  that  criticisms  made  a 
dozen  years  ago,  and  on  this  side  of  the  Atlantic,  would  come  unr 
der  the  notice  of  a  recent  editor,  yet  it  is  curious  to  observe  that, 
out  of  a  series  of  more  than  twenty  misapprehensions  or  errors  in 
detail  (individually  of  small  moment,  no  doubt),  which  were  indi- 
cated in  this  Journal,  chiefly  in  the  morphological  part,  all  but  two 
(and  one  of  these  a  grammatical  slip)  stand  unaltered  in  the  new 
edition.  The  sole  alteration  is  in  the  statement  which  attributed 
axillary  tendrils  to  the  Vine.  We  do  not  include  some  criticisms 
of  another  order,  relating  to  mere  theoretical  points,  upon  which 
views  which  have  long  prevailed  are  retained ; — such,  for  instance, 
as  that  which  unquestioningly  regards  the  so-called  radicle  of  the 
embryo  as  root,  although  m  one  part  of  the  work  its  nature  as 
hypocotyledonary  stem  is  implied  in  a  particular  instance.  That 
this  part  of  the  embryo  represents  the  first  joint  of  stem  is  a  doo- 
trine  which  seems  to  be  ignored  in  England,  but  generally  ac- 
cepted out  of  it.  A.  o. 
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2.  AnatomisehrSf/stemcUische  Betchreibung  der  AleycnarwL 
JEnte  Ahtheilung ;  die  PenneUuliden^  ersie  Mdijte^  von  A.  K5ir 
LiKBB.  Quarto,  with  ten  plates.  Frankfort,  1870. — There  are 
very  few  groups  in  the  animal  kingdom  which  have  heean  more 
carefully  studied,  during  several  years  past,  than  the  Halcyonoid 
Polyps,  or  concerning  which  our  mformation  has  more  rapidly  in- 
creased, both  in  respect  to  their  structure  and  the  number  and 
varietv  of  their  forms.  The  Pennatulacea,  especially,  have  been 
oarefolly  studied  and  described  by  several  able  naturalists,  and 
the  number  of  species  has  been  increased  to  an  extent  that  is  truly 
surprising,  considering  the  very  few  species  known  a  dozen  years 
ago,  and  their  comparative  rarity.  Numerous  species  and  eenera 
were  made  known  in  the  works  of  Herklots,  Bleeker,  Richiardi, 
and  others.  But  in  this  work  Prof  E5lliker  has  undertaken  a 
complete  revision,  both  anatomical  and  descriptive,  of  the  entire 
ffroup,  and  in  the  part  already  published  has  added  a  great  num- 
ber of  new  and  interesting  forms,  llis  work  is  of  greater  interest 
from  the  fact  that  he  has  been  able  to  examine  the  collections  in 
nearly  all  the  principal  museums  of  Europe,  including  the  types  oi 
most  previous  writers. 

This  fimt  part  includes  an  anatomical  description  of  the  whole 
group,  with  an  analytical  table  of  the  classification  adopted,  while 
most  of  the  volume  is  devoted  to  very  careful  and  elaborate  an- 
atomical descriptions  of  the  genera :  Pieroeides^  Godeffroyia  (nov.), 
Sarcophyllum^  Pennatula,  Lewpiilum^  Piilogarcus  and  Haiiscq^ 
trum,  and  their  included  species,  of  which  a  large  proportion  are 
admirably  illustrated.  In  the  genus  Pteroeides  43  species  are  de- 
scribed, of  which  29  are  regarded  as  new,  althoueh  a  few  of  them 
are  probably  identical  with  some  of  those  described  in  the  nearly 
contemporary  work  of  Richiardi,  (we  have  not  learned  the  preciBe 
date  of  either).  Numerous  varieties  of  some  of  the  species  are 
also  named  and  careftdly  described.  The  polymorphic  forms  of 
the  polvps  in  all  the  genera  and  species  are  thoroughly  discussed 

The  following  is  the  classification  adopted: 

First  Tribe,  PEXxATrLK.« ;  Second  Tribe,  Renhxace^;  Third 
Tribe,  Veretillid.e. 

Tribe,  Pexnattxe-e. 

1st  Family,  Pextoformes. 

1st  Subfamily,  Ptermidix.e,  including  the  genera  JPieroeides 
HerkL,   Godeffroyia  K51L,  SarcophyUum  E511. 

2nd  Sub-family,  Pexxattlix.e,  including  Pennatula  L^  Leif.>p- 
tiUum  Verrill,  P^ilo^amts  i^ray,  Ifaliscepinim  HerkL 

2nd  Familv,  ViRGrxARiE-E,  including  Virgulctria  Lam.,  <Sfyto- 
tula  Verrill,  Paronaria  Eoll.,  Scytcdium  HerkL,  fimiculina  Lam., 
Halipteris  E51L  v. 

3.  The  ExtenicU  and  Interned  Parumtes  of  3fan  a^td  Domuiie 
Animeds;  by  A.  K  Verrilu  140  pp.  8vo,  85  wood-cuts.  (From 
the  Report  of  the  Connecticut  Board  of  Agriculture),  Hartford, 
1870. — ^The  first  part  of  this  work  is  devoted  to  the  external  para- 
mtes  and  contains  descriptions  of  the  various  species  of  fleas,  lice, 
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ticks,  bot-flies,  bed-bags,  mites,  and  acari,  often  troublesome  to  oar 
domestic  animals,  as  well  as  to  man  himself^  together  with  ao- 
coants  of  their  habits,  effects,  and  remedies.  Several  pages  are 
also  devoted  to  introdactory  remarks  on  the  structare  of  insects 
and  their  classification. 

The  second  part  is  devoted  to  the  internal  parasites,  and  con- 
tains a  general  account  of  the  parasitic  worms,  and  their  classifica- 
tion, a  series  of  lists  of  those  found  respectively  in  man,  the  dog, 
cat,  sheep,  cattle,  horse,  hog,  and  poultry ;  and  detailed  descrip- 
tions of  tne  forms,  anatomy,  metamorphoses,  habits,  effects,  and 
remedies  of  some  of  the  most  important  species,  many  of  which  are 
illustrated  by  wood-cuts.  Among  those  most  fully  discussed  are 
the  Trichina  spiralis;  the  pork  and  beef  tape-worms  of  man;  the 
TcBnia  coennrus  or  water-brain  of  sheep ;  the  T.  echinoeoccus  or 
hydatids  of  man,  sheep,  etc. ;  the  Muciola  hepcUica  or  liver-fluke 
of  sheep  and  cattle ;  the  Syngamxis  trachealis  or  gape-worm  of 
chickens,  etc.,  and  many  others  of  importance. 

4.  On  the  JEared  Seals  ( OtariacUxi),  with  detailed  descriptions  of 
the  North  Pa4iific  species  ;  by  J.  A.  Allkn.  Together  with  an  ac- 
count of  the  Habits  of  the  }fbrthem  Mir  Seal  ( CaUorhinus  ttrsi- 
nus) ;  by  Charles  Bryant.  108  pp.  8vo,  with  three  plates.  From 
the  Bulletin  of  the  Museum  of  Comparative  Zoology,  vol  ii,  no.  1. 
Cambridge,  Mass.,  August,  18V0. — ^This  is  a  very  mteresting  and 
important  contribution  to  our  knowledge  of  the  seals  of  the  Pacific 
ana  Southern  oceans.  It  includes  a  r4sum6  of  the  recent  literature 
of  the  subject ;  a  chapter  on  the  affinities,  distinctive  characters, 
variations  due  to  age  and  sex,  etc.,  and  a  conspectus  of  the  genera 
and  species ;  detailed  descriptions  of  £}umetopias  Stelleri  Peters, 
based  on  two  perfect  skins  and  two  ligamentary  skeletons ;  of  Zalo- 
phus  GiUespii  Gill,  based  on  two  skulls :  and  of  CaUorhinus  ursi- 
nus  Gray,  based  on  six  skins  and  four  complete  and  two  incom- 

Slete  skeletons,  representing  both  sexes  ana  the  young  and  old* 
[r.  Bryant  contrioutes  a  very  full  and  interesting  account  of  the 
habits  of  the  last  species,  with  descriptions  of  the  islands  that  they 
inhabit,  the  modes  of  capture,  etc.  Much  information,  some  of  it 
new,  is  also  given  from  various  other  sources,  concerning  the 
habits  of  this  and  the  other  species.  The  geographical  distribu- 
tion of  the  family  is  also  discussed  on  page  42.* 

The  plates  and  several  wood-cuts  are  devoted  chiefly  to  the 
skulls  and  teeth.  y. 

5.  Record  of  American  JSntomoloy  for  the  year  1869.  Edited 
by  A,  S.  Packard,  Jr.,  M.D.  Naturalist's  Book  Agency,  Salem, 
Mass. — This,  like  the  Record  for  1808,  is  a  work  that  should  be  in 
the  hands  of  every  entomologist  who  hopes  to  keep  up  with  the 

*  It  is  here  stated  that  "the  habitat  of  no  species,  so  far  as  certainly  known, 
quite  reaches  the  tropics,"  but  a  skull  of  Otariajubata  in  the  Harvard  Anatomical 
Museum,  labeled  as  from  "  Arica,  Peru,"  is  mentioried,  with  a  doubt  as  to  the  cor- 
rectnesfl  of  the  locality.  I  may  add  that  in  the  Museum  of  Yale  College  there  is  a 
]&rice  adult  skull  of  the  same  specieo,  collected  by  Prof.  F.  H.  Bradley  much  far- 
ther north,  at  2^rritos,  Peru  Tabout  lat.  S*"  S.)  where  the  marine  fauna  is  emi- 
nently tropical  and  nearly  identical  with  that  of  Panama. — ^A.  B.  V. 
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progress  of  the  scienoe.  It  oontaiiis  references  to  the  wiitiiigt  of 
nfty-two  authors,  with  indications  of  the  species  referred  to,  in- 
dudins  335  described  during  the  year  as  new,  in  American  woik& 

6.  Atitero-pasterior  Symn^etry^  with  special  reference  to  the  J/ii»> 
des  of  the  Limbs;  by  Elliott  Coues,  A.M.,  M.D.,  PhJ). — ^Dr. 
Coues  takes  up  the  idea,  well  illustrated  by  Dr.  Jeffries  Wyman, 
of  antero-posterior  polarity  in  the  animal  system,  and  points  out 
the  facts  sustaining  it  in  the  Muscles  of  the  Limbs.  His  Taluabk 
discussion  of  the  subject  runs  through  the  several  recent  numbeis 
of  ^  The  Medical  Reoord,*^  ^publish^  in  New  York),  from  June  1 
to  September  1 ;  Article  v,  m  the  series,  is  contained  in  the  last 
mentioned  number. 

7.  On  the  JETj/jyotheeis  of  JEhohUion ;  by  Edwasd  D.  Copi. 
(From  Lippineott^s  Magazine,  for  July,  Aug.  and  Sept.,  1870.)— 
rrot  Cope  has  brought  an  extenaiTc  knowledge  of  science  to  bear 
on  the  question  of  evolution  in  animal  life,  and  presents  some 
original  views.  The  subject  is  too  large  a  one  for  discussion  is 
this  place. 

rV.    ASTBOXOMY. 

1.  EUmente  of  the  new  pianet  Ate;  by  Dr.  C.  H.  F.  Pktsbs. 
(Communicated  by  the  author  in  a  letter  dated,  Litchfield  Obserr- 
atory  of  Hamilton  College,  Clinton,  N.  Y.,  October  23d,  1870.— 
The  following  elements  of  the  planet  Ate  (111)  were  deiiyed  from 
intervals  of  Id  days,  viz:  from  observations  of  Aug.  14,  S^  1 
and  19: — 

Epoch:  1870.    Sept.  OH).    Beriin  mean  time. 
Mo=  205^^  17'  21* -0 

I  =  122    53      7-3 
3  =  306   26  28-4     }>Mean£qu.  1870-0. 

•  =      5      1    21*4    \ 
9  =      5    49   10-6 

II  =  85S  -392 
loga  =  0-4108808. 

Tliey  ivpresent  an  observation  obtained  last  night  still  within  t 
few  seix^nds. 


V.   XISCKLLAXEOrS  SCIENTIFIC  nTTKLLIGENCE. 

I.  0*k  thtr  Ch^niMry  of  the  JB^ssnner  process. — ^The  followbg 
is  an  abstract  of  the  pa^^r  on  the  Chemistry  of  the  Bessemer  pro- 
cee«^  read  before  the  American  Asssociation  for  the  AdrancemeDt 
rf  Soieni>e,  at  its  Troy  meeting,  by  Lieut.  C.  E.  Dntton,  U.  S.  A 

Af^er  some  genenU  statements  concerning  the  chemical  compo- 
ntioa  of  crude  pig  iiv^n.  Lieutenant  Dntton  passed  to  discuss  the 
tlieoivtical  changes  po^ible  when  air  is  brought  in  contact  with  it 
ia  a  melte^i  slate.  Accv^nUng  to  hi5  view,  the  silicon  is  first  oryd- 
iaed,  tbeii  the  phi^phc^ru^s^  next  the  manganese  and  sulphury  and 
bady,  the  carbon.    CliemicallT«  there  is  nothing  new  in  the  Bea- 
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Hemer  process ;  it  may  be  said  to  be  ''  the  employment  of  entirely 
new  mechanical  methods  and  appliances  for  effecting  old  and 
ffuniliar  reactions."  The  process  itself  was  then  minutely  de- 
scribed. Since  the  sulphur  is  but  partially  removed  and  the  phos- 
phorus not  at  all,  the  iron  selected  must  be  free  from  these  sub- 
stances. It  must  also  contain  at  least  two  per  cent  of  silicon. 
This  iron  is  melted  in  a  cupola  furnace,  run  into  the  converter — 
a  charge  being  1 2,000  pounds — and  the  blast  turned  on.  "The  first 
change  is  in  the  oxydktion  of  iron  and  silicon.  The  silicon  be- 
comes silicic  acid  and  enough  of  the  iron  oxydizes  to  satisfy  the 
affinities  of  the  acid  and  does  not  decompose  during  the  remain- 
der of  the  blast.  It  is  during  this  stage  of  the  conversion  that 
the  remarkable  heat  of  the  conversion  is  developed.  It  will  be 
remembered  that  when  silicon  oxydizes,  it  takes  up  three  equiva- 
lents of  oxygen.  Carbon  takes  up  only  one  in  this  process,  be- 
coming carbonic  oxyd.  It  is  a  common  error  to  suppose  that  any 
very  great  quantity  of  heat  is  generated  by  the  combustion  of  the 
carbon, — that  is,  as  compared  with  that  derived  from  the  silicon. 
♦  *  *  The  heat  generated  by  the  silicon  burning  to  silicic  acid 
will  be  found  by  the  application  of  the  coefficients  and  formulaa 
of  the  mechanical  theory  of  heat,  to  be  from  two  and  one-half  to 
three  times  greater  than  that  generated  by  the  burning  of  the 
carbon  to  carbonic  oxyd.  Another  circumstance  of  importance  is 
that  the  silicic  acid  remains  as  a  dense  fluid  in  the  converter,  no 
part  of  its  heat  being  lost,  except  such  as  is  carried  out  of  the 
converter  by  the  atmospheric  nitrogen ;  and  none  is  rendered  la- 
tent by  converting  it  into  vapor ;  while  the  carbon  is  vaporized,  a 
physical  change  absorbing  much  heat,  and  the  vapor  thus  formed 
18  carried  out  of  the  converter  at  a  very  high  temperature.  Hence 
will  be  seen  the  necessity  of  employing  irons  containing  high  per- 
centages of  silicon.  At  least  two  per  cent  of  this  element  is  essen- 
tial, any  less  quantity  being  insufficient  to  generate  heat  enough 
to  keep  the  iron  thoroughly  liquid  and  fluent  until  the  end  of  tne 
casting  process.  It  is  often  asserted  that  irons  for  Bessemer  con- 
version must  be  '  gray  irons,'  as  they  are  called ;  i.  e.,  irons  rich  in 
carbon.  Now,  although  this  happens  as  a  rule,  to  be  true  enough, 
it  is  apt  to  lead  to  misapprehension.  The  fact  that  Bessemer  pig 
irons  are  carbonized  varieties  is  an  accident,  and  not  an  esseutiid 
feature.  What  is  essential  is  that  it  should  contain  a  large  quan- 
tity of  silicon,  and  very  little — indeed,  the  least  possible — of  sul- 
phur, phosphorus,  and  manganese.  Now,  a  ])ig-iron  containing 
much  silicon  and  no  sulphur  or  manganese,  is  pretty  sure  to  con- 
tain a  high  percentage  of  carbon,  as  all  smelters  are  aware.  This 
fact  is  a  feature  of  the  blast-furnace,  and  almost  without  excep- 
tion. If  an  iron  could  be  produced  with  much  silicon,  a  little  car- 
bon, no  phosphorus,  it  would  I  think,  be  not  altogether  unsuited 
to  the  Bessemer  treatment.  In  a  word,  the  quantity  of  carbon  is 
approximately  immaterial,  except  so  far  as  it  implies  proper  con- 
ditions with  respect  to  other  elements.  The  main  element  required 
18  the  silicon  and  not  the  carbon.'^  Of  phosphorus,  "  the  arch- 
enemy of  the  iron-maker,  bat  the  very  scourge  and  pestilence  of 
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the  8tec4-tnaker," — fifteen-thousandths  of  one  per  cent  rnimng 
Bessemer  metal  past  all  remedy, — Lieut  Dntton  said :  "  I  have 
already  ventured  the  opinion  that  phosphorus  increases  its  affinity 
for  iron  with  every  increase  of  heat ;  at  least  relatively  if  not  ab- 
solutely. The  fact  seems  to  be,  absolutely^.  If  we  accept  it,  we 
can  instantly  explain  what  seem,  otherwise,  to  be  many  anoma- 
lies and  contradictions.  It  will  explain  to  as  why,  in  the  great 
heat  of  the  blast-furnace,  it  leaves  every  other  combination  and 
enters  the  iron ;  why,  in  the  much  lower  heat  of  the  paddling  fiu^ 
nace  it  seems  to  waver  between  staying  with  the  iron,  or  forming 
a  new  alliance  with  oxygen,  ready  to  choose  either,  at  the  inflaence 
of  any  third  substance  which  may  affect  the  question ;  why  in  the 
Bessemer  process  it  clings  to  the  iron  with  a  desperate  tenacity 
which  nothing  seems  able  to  resolve.  These  three  facts,  then,  are 
all  of  them  formidable :  Ist.  That  a  minute  quantity  of  phosphoms 
is  capable  of  working  terrible  injury,  and  that  it  is  omnipresent 
throughout  nature ;  2d.  That  whatever  quantities  of  it  are  charged 
into  the  blast-furnace,  as  fuel,  flux,  or  ore,  are  almost  wholly  con- 
centrated in  the  i-esulting  pig-iron ;  and  3d.  That  no  portion  is 
eliminated  in  the  Bessemer  converter."  The  sudden  change  of  the 
flame  at  the  close  of  the  conversion  Lieut.  Dutton  thus  explained: 
"  When  two  combustibles  are  intermixed,  like  oxygen  and  hydro- 
gen, or  hydrocarbon  gas,  it  is  well  known  that  the  relative  pro- 
portion of  the  two  elements  in  the  mixture  influences  the  readines 
with  which  they  combine.  Thus  oxygen  and  hydrogen  cannot 
combine  explosively  unless  their  proportions  lie  within  certwn 
definite  and  rather  narrow  limits.  May  not  the  same  law  hold 
good  in  the  present  case  ?  It  is  certain,  or  nearly  certain,  that  the 
iron  either  does  not  oxydize  in  the  bath  during  the  blow,  except 
in  quantity  suflicient  to  furnish  a  base  for  the  acids  present ;  or,  if 
it  oxydizes  beyond  that,  it  is  immediately  reduced  again,  leaving 
little  or  no  free  oxyd  of  iron  in  the  bath.  But  after  the  change  oi 
flame  all  this  is  reversed  and  iron  oxydizes  rapidly  and  freely,  and 
remains  undecomposed,  while  the  residual  traces  of  the  other  ele- 
ments as  suddenly  cease  to  oxydize  rapidly.  I  freely  grant  that 
in  referring  this  back  to  what  is  supposed  to  be  a  conceded,  but 
unexplained  law,  we  are  merely  putting  the  question  in  another,  a 
more  general,  and  more  abstract  sliape : — still  it  is,  in  a  qualified 
sense,  an  explanation."  The.  theory  of  the  action  of  the  spiegel- 
eisen,  run  in  after  the  blast  is  stopped  is  next  discussed,  and  also 
the  quality  of  the  metal  produced,  which  Lieut.  D.  calls  a  '*  cast 
wrought-iron."  The  paper  closed  with  some  comparisons  of  Bes- 
semer with  other  metal,  and  a  discussion  of  the  uses  for  which 
Bessemer  metal  is  most  valuable.  g.  f.  r 

2.  Eartliquake  of  October  20<A,  1870. — On  Thursday  momuig, 
Oct.  20th,  an  earthquake  vibration  was  felt  throu&rhout  Canada, 
and  the  northern  part  of  the  United  States  from  Maine  to  Iowa. 
It  seems  to  have  been  more  severe  in  Canada  and  in  New  England. 
In  many  places  the  shock  was  suflicient  to  throw  down  chimnies, 
crack  the  walls  of  buildings,  and  do  other  damage.  It  was  re- 
markably severe  for  the  region  of  country  visited. 
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At  New  Haven,  as  well  as  in  many  other  places,  there  were  two 
distinct  series  of  vibrations.  Pro!  1  wining  has  carefully  collected 
information  from  several  persons  as  to  the  time  of  the  occurrence 
and  duration  of  the  vibrations.  The  beginning  of  the  first  shock 
was  at  11'*  19™  45*  a.  m.  New  Haven  mean  time.  It  lasted  ten 
seconds,  and  its  individual  vibrations  were  about  two-thirds  of  a 
second  in  duration,  or  one  and  one-third  second  for  a  complete 
double  vibration.  After  an  interval  of  five  seconds  there  was 
a  second  series  like  the  first,  lasting  eleven  seconds. 

The  motion  was  not  a  simple  oscillation  but  there  was  a  rocking 
motion,  indicating  a  vertical  component  in  the  movement  of  the 
earth.  The  vibrations  were  not  severe  enough  to  arrest  universal 
attention,  though  multitudes  felt  a  peculiar  sensation  without  re- 
cognizing the  cause.  The  direction  of  the  vibration  was  N.N.E. 
and  S.S.W. 

At  Cambridge,  Mass.,  according  to  Prof.  Winlock,  the  direction 
was  about  10^  north  of  east,  as  determined  by  the  appearance  of 
the  sides  of  a  vessel  containing  milk. 

Mr.  Farmer,  at  Boston,  gives  11**  25*"  87"  for  the  time  of  the 
ending  of  the  vibrations,  Cambridge  mean  time.  This  would 
imply  that  the  shock  reached  Boston  a  minute  and  three-fourths 
earlier  than  New  Haven. 

At  Cleveland,  Ohio,  several  clocks  were  stopped  by  the  earth- 
quake, each  indicating  very  nearly  10**  46™  a.  m.  This  is  approxi- 
mately the  instant  at  which  the  shock  reached  New  Haven. 

It  is  reported  that  the  shock  reached  Quebec  30  seconds  before 
it  did  Montreal,  the  telegraph  operator  of  the  former  city  being  in 
the  act  of  inquiring  of  the  operator  in  thet  latter  one  respecting 
the  earthquake  when  it  arrived  at  Montreal.  These  data  seem  to 
show  that  the  general  progress  of  the  wave  was  from  North  to 
South. 

Slight  vibrations  were  felt  as  far  south  as  Richmond,  Va.,  and 
as  fiar  west  as  Dubuque,  Iowa.  h.  a.  n. 

8.  Kansds  Natural  History  Society, — (From  the  Secretary  of 
the  Society.) — The  third  annual  meeting  of  this  Society  was  held 
in  Lawrence,  Kansas,  the  first  week  in  September,  in  the  Univer- 
aity  Building.  Gen.  John  Fraser,  President  of  the  State  Univer- 
aity,  delivered  a  lecture,  the  first  evening  of  the  session,  "  On  the 
Aims,  Organization  and  Advantages  of  Scientific  Associations," 
in  which  he  recommended  an  enlargement  of  the  scope  of  the  So- 
ciety to  cover  the  whole  field  of  scientific  observation  and  investi- 
gation. On  the  following  evening  Rev.  John  H,  Barrows,  of  Ar- 
Tonia,  delivered  an  address  in  the  Presbyterian  church  on  "  Hugh 
Miller,  or  'ITie  Workingman's  Education."  At  the  close  of  the 
lecture  President  Fraser,  who  spent  his  youth  in  Cromarty,  gave 
some  personal  recollections  of  the  great  geologist. 

The  following  papers  were  read  before  the  Society :  "  A  Cata- 
logue of  all  the  Plants  of  Kansas,  as  far  as  observed,"  by  Prof. 
J.  H.  Carruth,  of  Lawrence.  The  catalogue  contains  about  500 
species — 80  being  added  by  members  of  the  association.  '^  On  the 
Fishes  of  the  Kansas  River,  as  observed  at  Lawrence,"  by  Prod 
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F.  H.  Snow,  of  Lawrence.  This  paper  describes  27  Bpecies  offish. 
"  On  the  Internal  Heat  of  the  Earth,"  by  Rev.  John  D.  Paiker,  of 
Burlington.  ''  On  a  Comparison  of  the  Coals  of  Kansas  with  otiier 
Western  Coals,"  by  Prot  Wm.  H.  Saunders,  M,D.,  of  Lawrenea 
^^  On  the  Saurian  Formation  and  Moss  Agate  of  Kansas,"  by  Pro! 
B.  F.  Mudge,  of  Manhattan.  Prof.  Mudge  exhibited  to  the  Soci- 
ety some  fine  specimens  gathered  during  his  recent  visit  to  the 
Rocky  Mountains,  among  which  was  a  fine,  well-preserved  Saurian. 

Officers  of  the  Society  for  the  current  year:  Gen.  John  Fraaei^ 
President ;  B.  F.  Mudge,  Vice  President ;  John  D.  Parker,  Secre- 
tary and  Librarian  ;  Frank  H.  Snow,  Treasurer ;  B.  F.  Mndse  and 
F.  H.  Snow,  Curators.  Curators  of  Departments :  B.  F.  Mudge, 
Geology ;  F.  H.  Snow,  Entomology ;  Wm.  H.  Saunders,  Chemit- 
try ;  John  D.  Parker,  Meterology ;  J.  H.  Carruth,  Botany. 

4.  Corrections  of  errata  in  the  "  Notes  on  the  structttre  of  (Ha 
CrinoicleUj  d>ey — In  page  226,  in  the  20th  line  from  the  top,  for 
"  Sprjenonites,^^  read  "  Sphceronites  /"  page  228,  in  the  6th  Kiie,  for 
"  Miller,"  read  Mtlller ;"  page  230,  in  the  17th  line  for  **  ovo-uial," 
read  "  oro-anal ;"  in  page  232,  for  "  Crinoidea,"  read  "  paleoioic 
Crinoidea;"  and  in  page  283,  11th  line,  for  ^' interradial,"  read 
*^  internal."  I  desire  also  to  express  my  obligations  to  Pro£  Alex- 
ander VVinchell,  State  Geologist  of  Michigan,  and  to  Mr.  Chailes 
Wachsmuth  of  Burlington,  Iowa,  for  their  kind  assistance  in  lend- 
ing me  a  large  number  of  beautifully  preserved  specimens. 

B.  BILLINGS. 
OBIXUABY. 

Capt.  James  Pedebsen,  whose  name  is  associated  with  nnme^ 
ous  new  and  rare  species  of  corals,  echinoderms,  shells,  etc,  de- 
scribed in  this  Journal  and  elsewhere,  as  well  as  with  the  very 
extensive  collections  which  he  has  contributed  to  the  Museum  n 
Yale  College,  and  of  which  portions  have  been  distributed  to 
many  other  Museums,  both  in  this  country  and  in  Europe,  died  in 
San  Francisco,  Aug.  19th.  He  was  born  at  (Jhristiania,  Norway, 
February  24th,  1811.  His  father,  Sars  Pedersen,and  his  anceston 
for  several  generations,  were  sea-faring  men,  and  he  seems  to  have 
early  developed  the  same  taste.  In  1822,  and  for  several  yean 
subsequently,  he  sailed  in  his  father's  vessels  between  Christiania 
and  Copenhagen,  and  by  his  visits  to  the  celebrated  museums  and 
galleries  of  the  latter  city,  he  acquired  a  taste  for  the  rare  and 
curious  in  nature  and  art,  which  in  later  years  led  him  to  become 
an  enthusiastic  and  intelligent  collector  of  objects  of  Natural 
History.  In  1828-9  he  studied  navigation  and  took  his  diploma, 
and  afterward  sailed  to  St.  Petersburg.  In  1830  he  came  to  this 
countiy,  and  subsequently  made  New  York  his  home.  He  sailed 
for  19  years  between  New  York  and  Havana,  New  Orleans,  Vera 
Cruz,  Honduras,  etc.,  but  in  1849  he  took  his  vessel  to  California, 
and  since  then  has  spent  most  of  his  time  in  various  parts  of  the 
Pacific  and  Indian  Oceans,  being  for  some  time  on  the  South 
American  coast,  and  some  years  in  China  and  Japan.  The  last 
years  of  his  life  were  spent  at  La  Paz,  Lower  California,  where  he 
'^QgAg^d  to  a  considerable  extent,  in  the  pearl  fishery,  and  from 
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whence  he  sent  the  oxtensiye  zo&logical  collections  which  adorn 
the  Moseam  of  Yale  College.  These  collections  are  no  doubt  the 
largest  that  have  ever  been  made  in  the  Gulf  of  California,  and 
when  fully  described  will  add  greatly  to  the  knowledge  of  that 
rich  fauna.  He  was  obliged  to  leave  La  Paz  last  December,  on 
account  of  failing  health  and  the  excessive  heat,  but  after  his 
arrival  in  San  Francisco,  was  still  mindiul  of  the  interests  of 
science,  and  continued  to  send  valuable  collections  as  often  as  he 
was  able.  He  was  a  thoroughly  temperate.  Christian  man,  who 
has  done  much  in  his  humble  way,  to  aavance  science.  His  coUeo* 
tions  will  be  an  enduring  monument  to  his  memory. 

Dr.  W.  A.  MiLLBR,  the  author  of  "  Miller's  Elements  of  Chem- 
istry," and  of  various  memoirs  on  chemical  subjects  published 
in  the  Philosophical  Transactions  and  elsewhere,  died  at  Liver- 
pool, of  apoplexy,  on  the  30th  of  September.  He  was  bom 
at  Ipswich  in  December,  1817.  In  1861  he  was  elected  Treasurer 
of  tne  Royal  Society.  He  occupied  for  some  years  the  office  of 
President  of  the  Chemical  Society,  and  was  one  of  the  assayers  to 
the  Royal  Mint 

Dr.  A.  Matthbissbn,  a  chemist  of  high  promise,  and  one  of  the 
examiners  of  the  University  of  London,  died  recently,  in  his  d9th 
year. 

VI.    MISCELLANEOUS  BIBLIOGRAPHY. 

1.  Transactions  of  the  Connecticut  Academy  of  Arts  and 
Sciences^  VoL  H,  Part  L  New  Haven,  August,  1870.  210  pp.  8vo, 
7  lithog.  plates.  Price  $3. — This  number  includes :  Notice  of  the 
Crustacea  collected  by  Prof.  C.  F.  Hartt  on  the  coast  of  Brazil 
in  1867,  by  Sidney  L  Smith ;  On  the  Geology  of  the  New  Haven 
Region,  with  special  reference  to  the  origin  of  some  of  its  topo- 
graphical features,  by  James  D.  Dana ;  Notes  on  American  Crus- 
tacea, No.  1,  Ocypodoidea,  by  S.  L  Smith ;  On  some  alleged 
specimens  of  Indian  Onomatopoeia,  by  J.  H.  Trumbull ;  On  the 
MoUuscan  fauna  of  the  later  Tertiary  of  Peru,  by  E.  T.  Nelson. 
Several  of  these  papers  have  already  been  noticed  when  the 
author's  copies  have  been  distributed.  The  last,  illustrated  by 
two  plates,  IS  of  special  interest  as  throwing  some  light  on  the 
ancient  marine  fauna  of  the  Pacific  coast  of  Central  America,  and 
its  relations  to  that  of  the  existing  faunse  of  the  same  const  and 
of  the  Atlantic  coast,  thus  aiding  in  solving  the  questipn  of  a 
connection,  more  or  less  ancient,  between  the  two  oceans  across 
the  Isthmus.  In  this  paper  numerous  new  species  are  described 
from  a  formation  very  nch  in  fossils  near  Zorritos,  Peru.  The 
formation  is  probably  of  Miocene  or  even  earlier  age,  since  only 
one  or  two  species  appear  identical  with  living  forms,  but  the 
genera  are  nearly  all  identical  with  the  common  genera  now  living 
on  the  same  coast,  and  the  species  are  often  representative  of  or 
analogous  to  living  forms  of  the  same  region,  beinc  apparently 
much  more  nearly  related  to  the  existing  species  of  Panama,  than 
to  either  the  Miocene  or  living  species  of  the  West  Indies.       v. 
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2.  A  Treatise  on  Elenuntary  Oeometry ;  by  Pro£  William 
Chauvenet.  Lippincott  &  Co.,  Philadelphia. — ^The  reputation  of 
Prof.  Chauvenet  in  science,  and  the  knowledge  of  his  experience 
as  a  teacher,  will  draw  peculiar  attention  to  this  work  upon  Ele- 
mentary Geometry. 

In  the  methods  of  demonstration  Prof  Chauvenet  resembles 
Legendre  more  than  £uclid,  though  he  differs  widely  from  both. 
He  uses  the  reductio  ad  absurdum  rarely,  and  the  various  modes 
of  superposition  quite  extensively.  In  his  treatment  of  ratios  he 
uses  algebraic  symbols.  The  difficulties  of  incommensurable  ratios 
are  met  by  the  early  introduction  of  the  idea  and  theory  of  limits. 
He  does  not  adopt  the  direction  theory  of  parallels,  believing  that 
it  does  not  meet  all  difficulties,  especially  in  solid  geometry.  He 
introduces  the  idea  of  loci  early  in  the  first  Book.  To  mfrmnefyir 
ccd  figures  he  gives  special  place  and  importance.  He  adds  two 
appendices,  the  first  containing  exercises  upon  the  several  books, 
and  the  second  an  introduction  to  modern  geometry. 

As  a  preparation  for  the  study  of  the  theory  of  transversals  and 
other  branches  of  modem  Geometry,  the  intix>duction  of  algebraic 
symbols  in  elementary  demonstrations  is  of  great  value.  The 
modern  Geometry  has  greater  power  than  that  of  Euclid  for  two 
reasons :  first,  it  uses  the  plus  and  minus  of  algebra ;  and  second, 
it  implicitly  uses  the  roots  of  quadratic  equations,  real  and  imagi- 
nary. 

Ou  the  other  hand,  the  use  of  algebraic  symbols  in  elementary 
geometry,  has,  we  believe,  a  disadvantage.  The  statement  of  the 
steps  of  the  syllogism  is  not  so  lucid. 

The  introduction  of  the  idea  of  limits  early  in  geometry  is  t 
good  feature  of  the  work.  Students  have  in  decimal  fractions  and 
their  applications  been  accustomed  to  incommensurable  ratios,  and 
we  believe  that  such  early  use  is  not  premature. 

For  the  sake  of  discipline  In  clear  and  distinct  statement  and 
close  consecution  of  thought,  we  admit  a  special  liking  to  the  first 
six  books  of  Euclid.  l:5ut  Prof.  Chauvenet's  work  more  nearly 
satisfies  our  idea  of  a  good  geometry  than  any  other  modem  text- 
book. H.  A.  N. 

3.  GrundzUge  einer  allgeineinen  Theorie  der  Obetfldchen  in  syn- 
thetischer  Behandltmg ;  von  Ludwig  Cremona.  Translated  into 
German  by  M.  Curtze.  Berlin,  1870.  (S.  Calvary  &  Co.)— This 
volume  is  ostensibly  a  translation  of  the  memoirs  of  the  distin- 
guished Italian  Geometer,  but  it  is  in  fact  much  more.  Rather 
more  than  half  of  the  volume  is  new  matter,  added  by  Pro£  Cre- 
mona, or  under  his  supervision. 

The  work  is  an  extension  to  surfaces  of  Prof.  Cremona's  method 
of  dealing  with  plane  curves,  as  shown  in  his  memoir  published 
by  the  Bologna  Academy,  Introduzione  ad  una  teoria  geometrioa 
delle  curve  2nane,  This  important  work  had  previously  been  trans- 
lated by  M.  Curtze  into  German, 

These  German  translations  render  Cremona's  important  contri- 
butions to  pure  Geometry  much  more  accessible  than  they  are  in 
the  original  Italian.  h.  a.  n. 
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4.  A  historical  and  descriptive  narrative  of  the  Mammoth  Cave 
of  Kentucky^  including  explanations  of  the  causes  concerned  in 
its  formation,  its  Atmospheric  conditions,  its  Chemistry,  Geology, 
Zoology,  etc. ;  with  full  scientific  detaib  of  the  eyeless  Fishes ;  by 
W.  Stump  Norwood,  M.D.  225  pp.  12mo,  with  illustrations. 
Philadelphia,  1870.  (J.  B.  Lippincott  &  Co.) — All  future  visitors 
to  the  Mammoth  Cave  will  have  occasion  to  thank  Dr.  Norwood 
for  the  service  he  has  rendered  the  tourist.  The  book  contains 
several  interior  views  of  the  cave,  which  give  some  idea  of  the 
wonders  within,  although  a  very  inadequate  one.  They  should  be 
supplemented  by  a  good  map  of  the  extensive  wincfings  of  the 
cavern.  The  author  estimates  the  extent  of  the  various  avenues 
and  mazes  of  the  Mammoth  Cave  at  over  one  hundred  and  fifty 
miles.  An  instrumental  survey  would  probably  shorten  this 
assumed  distance,  but  we  know  from  our  own  wanderings  in  it 
that  its  extent  is  immense.  The  chapter  on  the  eyeless  fishes  is 
made  up  mostly  from  the  writings  of  Agassiz  and  Wyman,  and 
presents  the  facts  on  the  subject  in  an  attractive  form,  well  adapted 
to  instruct  and  interest  the  general  reader. 

5.  Tent  life  in  Siberia,  and  Adventures  among  the  Koraks 
and  other  TV-ibes  in  Northern  Kamtchatka  and  Northern  Asia ; 
by  Gkorgb  Kinnan.  426  pp.  12mo,  with  a  map.  New  York, 
1870.  (G.  P.  Putnam  &  Sons,  London ;  S.  Low,  Son  and  Marston). 
— A  very  readable  and  instructive  narrative  of  travel  in  a  little 
known  region  of  the  globe,  is  this  neat  volume  of  Mr.  Kinnan's. 
The  costly  and  disastrous  enterprise  of  the  Western  Union  Tele- 
graph Company,  designed  to  establish  electrical  communication 
between  America  and  Asia  through  Kamtchatka  and  Northern 
Asia,  has  been  by  no  means  fioiitless  in  scientific  interest.  Already 
3ie6srs.  Whymple  and  Dall  have  given  us  instructive  and  valuable 
contributions  upon  their  wanderings  in  British  Columbia  and 
Alaska.  Mr.  Kmnan  makes  no  claim  to  any  special  devotion  to 
scientific  investigation,  but  his  narrative  gives  a  clear  and  lively 
account  of  the  physical  and  social  conditions  of  a  country  rarely 
visited,  and  full  of  curious  interest.      His  volume  well  repays 

Eerusal,  and  is  obviously  the  work  of  a  good  observer  and  careful 
istorian,  who  is  never  tedious,  and  has  the  agreeable  art  of  carry- 
ing his  reader  along  with  him. 

6.  Report  of  the  Superintendent  of  the  U.  S.  Coast  Survey^ 
showing  the  progress ^  the  Survey  during  the  year  1867.  344  pp. 
4to,  with  28  maps. — ^This  volume,  besides  the  Report  of  the  Super- 
intendent, ProfPeirce,  contains,  among  the  articles  in  its  Appen- 
dix, a  Report  on  Transatlantic  determination  of  Longitude,  by  Dr. 
B.  A.  Gould ;  on  comparison  of  Meters,  by  Dr.  F.  A.  P.  Baniard 
and  M.  Tresca ;  on  a  new  form  of  Reflector  for  geodetic  signals, 
by  J.  E.  Hilgard ;  on  the  Tides  and  Currents  of  Hell  Gate,  by 
Henry  Mitchell ;  on  Soundings  in  the  Gulf  Stream,  by  H.  Mitch- 
ell ;  on  the  Fauna  of  the  Gulf  Stream,  by  L.  F.  Pourtales ;  on 
Alaska  Territory,  by  G.  Davidson ;  obituary  of  Alexander  Bache. 

V.  IVeatise  on  the  power  of  Water  as  applied  to  drive  Flour 
MiUs  and  to  give  motion  to  Turbines  and  other  Hydrostatic 
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Engines  ;  by  Joseph  Glynn,  F.K.S.,  member  of  the  Institute  of 
Civil  Engineers  of  London,  etc.  3d  ed.,  revised  and  enlarged 
162  pp.  12mo,  with  namerons  illustrations.  New  York,  1869. 
(D.  Van  Nostrand). — ^This  is  a  popular  and  practical  treatise  on 
water  as  a  motive  power.  It  is  simple  in  its  explanations  and 
mathematics,  and  is  well  illustrated. 

8.  Archives  of  Science  and  Transnctions  of  the  Orleans  Co. 
Society  of  Natural  Sciences, — This  first  number  of  the  Arclh 
ives  of  a  new  Natural  History  Society,  at  Newport,  Vermont, 
contains  the  following  papers :  On  the  characters  and  customs  of 
the  Pawnees,  by  Rev.  T.  El  Ranney;  Qualitative  Analysis  of 
the  Mineral  Springs  of  Essex  Co.,  Vt.,  by  H.  A.  Cutting ;  on  the 
Indian  History  of  Northern  Vermont,  by  Wul  W,  Grout,  Esq. ; 
Meteorological  register,  by  J.  M.  Currier ;  on  a  new  mounting  for 
microscopic  objects,  H.  A.  Cutting. 

9.  The  American  Entomologist  and  Botanist, — ^This  St.  Louis 
Journal  will  be  suspended  during  the  year  18V1,  to  be  resumed 
with  the  commencement  of  the  following  year. 

1 0.  Geology  and  Bevelation^  or  the  Ancient  History  of  the  Strth^ 
considered  in  the  light  of  Geological  facts  and  BeveaSed  religUm^ 
with  illustrations;  by  the  Rev.  Gbbald  Molloy,  D.D., Pro£  "nieoL 
Roy.  Coll.  St.  Patrick,  Maynooth.  380  pp.  12mo.  New  York,  187a 
(6.  P.  Putnam  &  Sons.)— A  handsome  American  edition  of  the 
excellent  work  noticed  at  page  151  of  this  volume. 

Zeitschrift  der  Oesterreichischen  Gesellachaft  ftlr  Meteorologie ;  redigirt  tod  Dr. 
C.  Jelinck  und  Dr.  J.  Hann.     4th  volume.    Vienna^  1869. 

Results  of  Astronomical  and  Meteoroloji^cal  Observations  made  at  the  Raddifle 
Observatory,  Oxford,  in  the  year  186*7,  under  the  superintendence  of  Rev.  Robert 
Main,  M.A.,  Raddiffe  observer.    YoL  xxviL 

The  Portable  Transit  Instrument  in  the  Vertical  of  the  Pole  Star ;  transIatBd 
fW>m  the  original  memoir  of  Wol  Dollen,  by  Cleveland  Abbe,  Director  of  the  Cin- 
cinnati Observatory.    48  pp.  8vo.    Washington,  1870. 

Annual  Report  of  the  Director  (G.  Abbe)  of  the  Cincinnati  Obserratoiy.  20  pp. 
8vo.     June,  1870. 

Catalogue  of  known  species,  recent  and  fossil,  of  the  Family  KarginellidaB;  by 
John  H.  Rcdfield.   56  pp.  8vo.   From  the  Annalfl  of  the  Lya  Nat  Hist  NewToriL 

Catalogue  of  the  Birds  of  Chemung  Co.,  N.  Y. ;  by  W.  H.  Gregg,  M.D.  14  pp. 
8vo.     Elinira,  N.  Y.    Fronn  the  Proceedings  of  the  Elmira  Academy  of  Sdenoea 

Proceedixos  Aher.  Philosophical  Soc.,  Philadelphia,  Vol.  XT,  No.  83,— 
p.  245.  Notices  and  descriptions  of  Fossils,  from  the  Marshall  group  of  the 
Western  States,  with  Notes  on  Fossils  from  other  formations;  A,  WindmSL— 
p.  261,  On  some  Erheostomine  Perch  from  Tennessee  and  North  Carolina;  E.  D. 
Cope. — p  271,  On  some  Reptilia  cf  the  Cretaceous  formation  of  the  U.  S.;  £1  A 
Cope, — p.  2*^4,  Extent  of  the  order  Pjrthonomorpha  in  the  Cretaceous  rodcs  of  the 
U.  S. ;  E.  D.  Cope. — p.  286,  Fourth  contribution  to  the  History  of  the  Eaona  of 
t^e  Miocene  and  Eocene  periods  of  tlie  U.  S. ;  E,  D.  Cope. — ^p.  295.  Adocna,  a 
genus  of  Cretaceous  Emydidse ;  E.  D.  Cope. — ^p.  299,  Periods  of  certain  Meteoric 
Ring^;  D.  Kirkwood. — p.  301,  Contributions  to  a  g^mmar  of  the  Mudrokee 
language;  D.  G.  Brinton. — ^p.  313,  Comparison  of  Mechanical  Equivalents; 
P,  E.  Chase, 

Prockedinos  Aoademt  Nat.  Scl  Philadelphia,  No.  2,  1870. — ^p.  65,  Anom- 
abus  organs  of  generation  in  a  hog;  J.  Leidy. — ^p.  65,  FofsQ  Rhinoceroi; 
J.  Leidy. — p.  66,  Remarks  on  some  Mammalian  remains,  and  on  Hadroaaurus  and 
Thespesius ;  J.  Leidy. — p.  70,  Fossil  fishes  from  the  Rocky  Mts. ;  J.  LMy. — p.  73, 
Fossil  Ruminant  from  Iowa ;  J.  Leidy,  Cranium  of  an  Owl ;  T,  H,  Sknuita, — ^p.  74^ 
New  Saurian ;  J,  Leidy, — Description  of  Grasshoppers  from  Colorado;  d  Tlimm. 
-*-p.  84,  Huxley's  Cla88\&cal\oTi  of  B\xdA\  T.  H.  Streets.— p.  89,  A  new  Leedi; 
J,  Leidy, — ^p.  92,  New  FiBhea  ttom  ^i!kftT3\f^T  Kaaswraa.  wA'&v^fw^A'^  T,  (ML 
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notice  of,  Bentham,  iv,  302. 
Oalifomiap  Proceedings,  iii,  424;  t, 
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memoirs,  y,  267. 

Chicago,  museum  burned,  ii,  186. 
notice  of,  i,  281. 
proceedings,  ii,  140. 
transactioni*,  y.  41 8, 427;  iz,  285. 
National,  i,  141,  430 ; 
annual  of,  iy,  295. 
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St  Louis,  Transactions,  ii,  140;  yi, 
288. 
AcBidemjf  a  new  monthly,  yiii,  452. 
Acclimatization  of  ostridh,  i,  109;  y,  72. 
of  the  salmon,  i,  109. 
in  Australia,  tti,  97. 
Acetyl    compounds    of    carbohydrates, 

SdtutKenberger  and  Haudm^  yiii,  414. 
Acetylene,  pdymera  of,  Berthelot,  iii,  389. 
Adds,  aromatic,  synthesis  of,  (TuHii,  1,115. 
new  mize<i,  Oal^  iy,  104. 
normal  and  deriyed.  Barker,  iy,  384. 
of  the  lactic  series,  Drankland  and 
Duppa,  iy,  268. 
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Adds,  organic,  syntiiesis  of,  OariftB,  iy, 

265. 
Adam,  Tableau  mineralogique,  iz,  119. 
Adama,  J,  K,  minerals  at  Pelham,  iz, 

271. 
Adhesion  of  yapor,  (rtUs,  iy,  101. 
.^yomis  of  Madagascar,  iz,  275. 
Aerolites,  see  Meteorites, 
Africa^  journey  into^  Bu  ChaOht^  i,  281. 

telegraph  by  sound,  i,  140. 
African  ezplorationf*,  Liyingston's,  iz,  14. 
Agaaeix,  A.,  on  Acalephn,  noticed,  i,  481 ; 
ii,  132. 

notice  of  Edwards's  Oiseauz  fossUes 
de  la  France,  yii,  276. 
Embryology  of  Starfishes,  ii,  134. 
young  staKes  of  Annelids,  ii,  427. 
Agassiz's  Geological  Sketches,  noticed,  i, 
407. 
Journey  in  Brazil,  noticed,  y,  288. 
Agricultural  chart  by  Delesse,  i,  429. 
Agriculture,  Report  of  Oomndssioner  of, 

1864,  i,  430. 
Ainos  of  Yesso,  Biehmore,  y,  353. 

of  Saghfllien  and  Kurile  Islands,  y, 
361. 

Air>rings,  yisible,  BaH  yi,  260. 
Albertite,  origin  of,  Peckham,  yiii,  862. 
Alcohol  from  castor  oil,  yii,  426. 
normal  amylic,  1,  416. 
iso-butyl,  conyersion  of,  into  tertiary 
pseudo-butyl  alcohol,  1,  114. 
octylic,  new  source  of^  yii,  425. 
tritylic,  by  fermentation,  yii,  426. 
Aloohds,  and  chlorinated  ethers,  iii,  249. 
action  of  on  terehlorid  of  phoqiho- 
rus.  iii,  389. 
Aldehyd  methylic,  Hojfman,  y,  249. 
AJexainder,  W.  />.,  crater  of  Haleakak, 

iz,  43. 
Alg»  in  hot  springs,  yi,  131. 

in  N.  Atiantio  ocean,  Diekis,  \  426. 
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Alien,  J.  A.,  Catalogue  of  UaBsachu setts; 

Beptiles  and  Batraobiui  by,  noticod. 

Yii,  286.  j 

Eared  Seals,  noticed.  1,  431.       | 
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ters,  1.  364,  424 

Bonider  drift,  riii,  Ht 


AndTia 


I  R, 


,  H3. 


131. 


143. 


384, 


Altitudes  in  British  America,  i?,  115. 
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of  Mount  Washington,  iv,  SIT. 
Amalgams,  Nidclii,  iii,  96. 
America,  Kocks  of,   Ctelltn,  1,  135. 
AmericsD  AasociatioD  Adv.  Scl,  meetr 
ing  of,  ii,  287  ;  i»,  137,  431 ;  viii,   US, 
289;  1,  150,  286. 

Procieediijgs,186G,  T,  144;  1S66, 
Ti,  151;  1867,  vi,  387;  18SB,  vi,  US,  375. 
Chemist,  noticed,  1,  295. 
EntoiDologUt,  noticed,  1,  282. 
Naturalist,   iii,    136,    284;    iv,    139; 

Ti,2ee. 

Philosophical  Soc,  Philud.,  Proceed. 
ingB,  iii,  140,  424;  vii,  S9G;  ii,  388. 
TransactioDS,  i,  144. 
Ammonia,  nitrite  of,  Lami,  ri,  29. 
Aromonia-chromium  basef,  Ciev(,a.i6l  ^ 
Ammonium-amtdgam,  lyeit  mid  Leffm/m^' ' 
ii,72.  ; 

c<»iipositioti  of,  rii,  420. 
Amjl,  arsenate  of,  L  14. 

atseoite  of,  I,  20. 
Amvlene,  relatjou  of  oil  of  turpentioe  to, 

Ba>ier  and  Verion,  viii,  416. 
Aualfses  of  shells,  Bow,  I,  379, 
Analf  us  for  chlorine,  Warren,  ii,  166. 
new  method  of  voluinctric,   GUb*, 
i»,  207. 

of  petroleum,  apparatus  for,  Pedc- 
ham,  iT,  230. 

organic,    determination    of   oiygeii 
in,  V,  366.  ! 

chemical,  repetition  in,  Corfioin,  1, 249. 
ipectroscopic,  aee  Spfxlrascopt.         I 
use  of   sand    and  glaHs  filCera  in' 
quantitative,  Gibba,  iv,  2ia.  ' 

Will's  CsbloB  for  Queutitntivo,   no- 
ticed, iv,  140. 
Analytical  processes,  new,  TiiUwH,  1, 244. 
Andes  and  the  Amazon,  by  Orton,  no- 
ticed, 1,  394. 
of  Quito,  phya.  ge(«.  of,  v,  99. 
of  Bquador,  geology  of,   Orion,  vii, 


petroleum, 
Atigsirum.  on  violet  apectrnm,  t,  »u. 
Aniline,  Rrimann,  iz,  143. 
Aniiuols,  cot»nieQialism  among,  1,  tSL 
Annual  of  Sdcatlflc  Disoorery,  iii,  4U. 
Anoulata,  on  recent  woiks  on,  viii,  111. 
'Anated's  PhyGical  Ge<«taphy,  v,  143. 
'  lOiotty,  W.  A.,  bones  of  lattlaanikM, 


sulphid, 


I    11,3 

Antimon 

I     Sharpies,  1,  1 

Antimony,  detonating,  i,  107. 

Eutptiatea  of  oijd  of.  Daitr,  li,  IS. 
'AntoEone.  Meipsneron,  1,  213. 
Apparatus  for  studying  absorpSon,  1,  H. 
JAppleton's  Amer,  Oyolopedia,  ii,  138 ;  ir, 
I  14U;  vi,  432. 

Aquitauian  remuos,  £ariel,noticed,  u,!91. 
Aral  Sea,  chuufet  in,  AwJiiuiia,  ir,  Ul 
ArcluL-ology  of  Sontiieni  Franoe,  loUt 

and  Christy  on,  notioed.  It,  IIS. 
I        preliialoric  in  Greece,  ftMJq,  1,  Ul. 
Arctic  reaemxliesi,  recent,   OHkom,  n, 
1     103,  377. 

Llrmto,  A.,  partzite,  iii,  383. 
Arithmetic,  Katoa'"",  noticed,  iv,  140. 
'Arizona,  B.  SiUiman,  I  389. 
Arnotl,  G.  A.  W.,  obituary,  vi,  211 

Gray,  vii,  340, 
Aisenic,  allot  ropic,  t,  364. 

BQil  araenous  acid  vthers,  (Vii^t,  10. 
nitrate  of  sllTer  teat  for,  rii,  26S. 
Artemia,   uev  kionlitiBB  of,   rerril^  fu, 
j     430. 

Artesian  water,  Charleston,  S.  C.,ni,3it 

well  of  Terre  Uaute,  Ind.,  viii,  270. 

Assmuss  on  products  of  distillation,  M- 


342. 


obserrations  on,  Orton,  ri,  203. 

K,  glacial  drift  of  Illinois,  iii,  IE. 
note  on,  SUgard,  iii,  241. 


■,  374. 


Association,  sev  Araariean  and  BriSA. 
Asphalt,  veiii  in  Virginia,  i,  120. 
Aspiretor,  foni.  ,if,  Leed»,  v.  423.   ' 
Astenjid  (85),  elements  of,  Feign,  i,  177. 

(8ii),  Semele,  elements,  ii,  134, 

(87),  it  135. 

(90),  Autiope,  iii,  37  S. 

(BU  iii,  279. 

(91  l^pioa,  Ti,141. 

193),  Minerva,  yi,  147. 

(94).  Aurora,  vi,  147. 

(95),  Arethiisa,  vi,  147. 

(96),  ri,  147. 

(97),  Clotho,  vi,  141. 

{98),  vi,  274. 

(99),  vi,  274. 

(100),  Hecule,  vi,393. 

(101),  Helena,  vi,  374, 883. 
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Asteroid  (102),  Miriam,  vi,  2*76,  392,  393. 
(103i  vi,  392,  393. 
(104t  vi,  392,  393. 
(106),  vi,  392,  393. 
a06X  vi,  393. 

(109),  elements  of,  Rogers^  ix,  141, 
428;  Peten,\x,  27*7. 
(HI),  1,  286,432. 
(112),  Iphigenia,  1,  409. 
Astro-meteorologj,  recent  oontributions 

to,  NewUm^  iii,  286. 
Astronomical  observations,  OiUisa,  1864, 
iii,  413. 

Observatory,  Russian,  Director  of, 
ii,  286. 

of  Harvard  College,  Annals  of, 
noticed,  iv,  293. 

Society,  abstracts  of  Reports  of,  ix, 

431. 

Astronomy,  Chambers's,  noticed,  iii,  422. 

Kirkwood's  Meteoric,  noticed,  iv,  428. 

Lockjer's,  noticed,  vi,  276. 

Norton's,  noticed,  iv,  296. 

Snell's  Olmsted's,  noticed,  ii,  139. 

Watson's,  noticed,  Kmokm^  vi,  146. 

see  farther,  Star. 

Astro-photometer,  ZoBner  on,  ii,  418. 

AthyrU,  subdivisions  of,  Billings^  iv,  48. 

Atlantic  Telegraph,  flelds's  history  of, 

ii,437. 
Atmospheric  system  as  Gkxl  made  it,  by 

Butler,  noticed,  1,  160. 
Atomic  ratio,  Cooki,  vii,  386. 

weights,  determination  of  by  optical 
means,  Schravf^  iv,  113. 

volumes  of  elements,    Clarke^  vii, 
180,  308. 

solid  compounds.  Clarkej  1, 174. 
Atomicities,  theory  of,  OibbSj  iv,  409. 
Atoms,  chemical,  existence  of,  KekuU,  iv, 
270. 
size  of,  Thomson^  1,  38. 
Atwater^  W.  0.,  on  American  maize,  viii, 

362. 
Andubon,  life  of,  noticed,  ix,  443. 
Aureole  observed  in  solar  eclipse,  viii, 

434. 
Auroral   appearances    connected    with 
phenomena  of  terrestrial  magnetism, 
SteuKurt,  ix,  281. 
displays,  recent,  N&wlon^  1,  146. 
Aurora  at  Toronto,  Kingstonj  viii,  66. 
Banddier,  iii,  279. 
magnetic  effects  of,  Fa/rmer^  i,  118. 
of  April,  1869,  aHman,  viii,  114. 
of  April  16,  1869,  viii,  146. 
spectrum  of,  viii,  404. 
Auroras  and  Sim-spots  compared  with 
magnetic  declination,  LoomiSy  1,  163. 
Sept,  1868,  m  Maine,  QHma/n^  vi,  390. 
Australia,  diamonds  in,  ix,  276. 
Dinornis  in,  iz,  278. 


Australia,  gigantic  marsupials  of,  i,  268. 
Lias  and  oolite  of,  Moore^  L  269. 
Smyth's  gold-fields  of  Victoria,  ix, 
263. 
tall  trees  in,  iv,  422. 
Victoria,  mineralogy  of,   Ulriehi  no- 
ticed, 1,  271. 
works  on  Botany  of,  noticed,  i,  416. 
Averyy  C.  ^.,  test  for  arsenic,  vii,  266. 

B 

Babinetj  undulatory  theory  of  heat,  iv,  1 1 1 . 
Babington,  revision  of  flora  of  Iceland,  L 

277. 

Bache,  A.  2>.,  magnetic  observations  in 
Maine,  ii,  141. 
obituary  of,  iii,  282. 
Bahr,  on  yttria  and  erbia,  i,  399. 
Baillon's  Histoire  des  Plantes,  noticed,  1, 

276. 

Baird,  S.  F.,  distribution  and  migration 
of  North  American  birds,  i,  78,  184, 
337. 

Baird's  American  Birds,  noticed,  ii,  134, 
Baker,  J.  G.,  Flora  BrasUiensis,  Martins, 
noticed,  1,  426. 

genera,  etc.,  of  herbaceous  liliaoess, 
1,  427. 
BaUj  i?.,  air-rings,  vi,  260. 
Bandelier,  A.  F.,  aurora,  iii,  279. 
Barker,  G.  /!,  chemical  abstracts,  v,  261 ; 
vi,  129;  vii,  420;  viii,  123,  408;  1,  111, 
266. 
formic  vs.  carbonous  acid,  iv,  263. 
normal  and  derived  adds,  iv,  384. 
notices  in  physiological  chemistry, 
vi,  233,  379;  vii,  20,  258,  .393;  viii,  49. 
Roscoe's  ChemistiT',  iii,  137. 
Frankland's  Chemistry,  noticed  by, 
iii,  137. 
silvering  on  glass,  iii,  262. 
abstract  of  Meissner's  research  on 
electrized  oxygen,  1,  213. 
Barium  chlorate,  Brandau^  1,  111. 
Barometer,  automatic,  Hough,  i,  43. 
Barometric  pressure,  distribution  of,  ix, 

440. 

Barnard,  F.  A.  P.,  Industrial  Machinery 
and  Scientific  Apparatus  by,  noticed, 
viii,  297. 

Machinery  of  Industrial  Arts,  etc., 
ix,  176. 

Barrande,  J.,  Arethusina,  Faune  Siluri- 
enne,  noticed,  viii,  138. 

Pteropodes  Siluriens  de  la  Bohdme, 
V,  120. 
Batrachia  and  Reptilia,  Synopsis  of.  Cope, 

noticed,  1,  160. 
Bayma's  Mechanics,  Norton,  vi,  167. 
Beaver,  remains  of  in  New  Jersey,  Wdd, 
viii,  433. 
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Beoquerolf  El^mens  d'dlectzo-ohimiei  t, 

76. 
BelKutD  oave^emamt,  Dupont,  iii,  121, 

260. 
Bennett,  the  Genas  Hydrolea,  1,  277. 
BenthHm's  addreeses  before  ^e  Linnean 

Sodetj,  i,  410;  iv,  297 ;  I,  279,  326. 
Benthain*8  Flora  Australia,  iii,  410. 
Bentham  and  Hooker,  (Genera  Planta- 
rum,  vol.  I,  noticed,  Oray,  v,  271, 404. 
Benzole,  etc,  action  of  heat  on,  Berthdot^ 

iv,  266. 
Berg,  0.,  obituary,  t,  124. 
Berge,  Le  Ohimiste,  noticed,  iii,  99. 
Berikelot^  action  of  heat  on  benzole  and 
analogous  hydrocarbons,  ir,  266. 
hySxx»rbon8  in  coal-tar,  iv,  418. 
on  isomerism,  ii,  257. 
metals  in  onranic  radicals,  ii,  256. 
on  carbonjUc  sulphid,  yi,  129. 
on  cyanhjdric  add,  vii,  420. 
on  saturating  organic  bodies  with 
hydrogen,  ri,  125,  395. 

on  Tarieties  of  carbon,  vii,  418. 
on  synthesis  of  organic  adds,  iz,  388. 
synUiesis  of  oxalic  add,  v,  249. 

hydrocarbons,  iii,  96,  251,  389. 
reductions  in  chemistry,  iii  386. 
JBtovemer,  manufSusture  of  cast-steel,  i, 
278. 

flsme,  spectroscopic  examination  of^ 
J.  M.  iSmman,  1,  297. 
Bkkmort,  A.  S.,  Ainoe  of  Tesso,  y,  853. 
Saghalien.  etc.,  y,  361. 
recent  geological  dianges  in  China 
and  Japan,  y,  209. 
journey  through  China,  yi,  1. 
Bigsby's  Thesaurus  siluricuiB,  yi  435. 
bSi^  J,  K,  test  for  bromids,  y,  224. 
BUUnga^  JBL^  work  on  fossils  of  Canada,  i, 
124. 

Fossils  of  Antioosti,  noticed,  iii,  137, 
269. 

on  (Mboidea,  Cystidea^  and  Blasto- 
idea.  yiii,  69 ;  ix,  51 ;  1,  225,  435. 
subdiyisicms  of  Athyris,  iy,  48. 
structure  of  Blastoidea,  yii,  353. 
Worthen's  Illinois  suryey.  iii,  395. 
Binney's  Gould's  Invertebrata  of  Mass., 

noticed,  ix,  423. 
Binocular  vi^n,  Le  OonU^  yii,  68,  163. 
Birds,  carbolizing,  Pwrher^  1,  283. 

distribution  and  migration  of,  Baird^ 
i,  78,  184,  337. 

of  North  America,  VerriO,  i,  249. 
Baird^s  N.  American,  ii,  134,  291. 
Birt,    W.   A,  obscuration  of  «*Linn^," 

iii,  411. 
BiaaeO,  S,  i?.,  St  Thomas  eartiiiquake,  y, 

133. 
Blake,  K   TT.,  on  figures  produced  by 
electric  sparic,  iz,  289. 


Bfdbe,  J.  jr.,  on  measmingaiiglMof  <i]ii> 
tals,  i,  308. 
Gay-Lussite  ftom  Neyadai  ii,  221 
natural  terpin,  iii,  202. 
on  kaolinite  and  pholeiitB,  iS,  361, 
405. 
on  hortonolite,  yiii,  17. 
Blake,  T,  A,,  Northwest  ooastof  Amelia, 

y,  242. 

Blake,  W,  P.,  crystanised  gold  inOnKfiff^ 
nia,  i,  120. 

fossils  in  Sierra  Neyada,  i,  406;  in 
Califomia,  iii,  270. 
fossU  tapir  in  California,  y,  381. 
tooth  from  Table  Mt,  1,  262. 
gladers  of  Alaska,  iy,  96^ 
gold-bearing  rodcs  of  CaliforsiitT, 
264. 

Minerals  of  California,  noticed,  n, 
114,  126. 

of  Paris  exposition,  y,  194. 
mineralogioal  notioes,  ifi,  124. 
on  decrease  in  prodQCtkm  of  gold, 
yii  432. 

Report  on  the  predofosmelrisby,  no- 
ticed, yiii,  126. 
BU»§,  J.  8,,  Wisconsin  drifl»  i,  256. 
Biomttrand,  ooi^ugate  bodies  in  inciftiue 

chemistry,  ix,  110. 
Blunt,  £.,  obituary,  ii  433. 
Bogota,  8.  A.,  earthquake  at,  AHM 1, 

408. 

Boissier's  Icones  Buphorbianim,  ii  427. 
BoUon,  If.   C,  on   action  of  lig^  on 

uranium,  yiii  206. 
Bone-cayes  of  Brarai  JReMmrdi^  i\  264. 
Gibraltar,  Report  on,  yii,  277. 
see  M.AJS, 

Boott's  Illustrations  of  Gaiez,  y,  271, 409. 
Borax  in  California,  WhiMe^,  i  255. 
Boron,  combinations   with  halogeni,  i, 
108. 
graphitoidal,  DevOk,  iii  360. 
Boston  Sodety  Natural  History,  Prooted- 
ings,  i  144,  431 ;  ii  140,  292 ;  iii  ^^t 
423;  iy,   144,  296;  y,  144.  428;  yi 
152.  288 ;  yii  152,  296,  436;  yiii  ^^'f 
ix,  288,  444. 
condition  and  doings  o£,  iy,  437. 
memoirs,  iy,  205;  yi  162. 
Botanical  Congress,  London,  i  140;  fi, 
129. 

Address  to,  IhOimdoBe,  ii  230. 
necrology,  1865,  i  263 ;  1868,  Omfh 
yii  140;  1869,  ix,  129. 
Club,  bulletin  of  the  Torrey,  ix,  404 
nomendatore,  DeOanMkf  i  274. 
Notabilia,  Gray,  iz,  120. 
Botanical  Notiges: — 
Andenan,  Monographia  SaUcum,  iy,420. 
Annales  Musei  Botanid  Lugdnni*Bata> 
yi  iy,  424. 
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BoTunoAL  NonoM: — 

Benthamy  Flora  AastraL,  iii  410. 
BmtKam  and  ffooker'a  Qen,  Plantanim, 
i,  132. 

I,  Gray,  v,  271.  404. 
BoittitTy  Flora  OrientaliSf  iy,  122. 
loones  Euphorbiamm,  ii,  427. 
B(KMy  SluBtratioiiB  of  oarez,  y,  271, 

409. 
BouMmgonli  on  action  of  foliage,  ii, 

126. 
Bn/wn  R,y  works,  iii,  1 26. 
vol.  n,  vi,  271. 
Brvmeit  Elements  de  Botanique,  no- 
ticed, 1,  278. 

y^g^ux  ligneoz  da  Canada,  iy, 
122. 
Bwtge,  on  genus  Ckrasinia,  i,  416. 

Qenerifl  Astragali,  etc.,  1,  279. 
OttrtiSj  esculent  Fungi  of  United  States, 
ii,  129. 

Botany  of  North  Cainlina  Sunrey, 
y,  271. 
Damnny  on  dimbing  plants,  i,  126. 
Iktubeny^s  Trees  and  Shrubs  of  the 

ancients,  i,  268. 
IkOandoUe,  A,^  Lois  de  la  Nomencla- 
ture, iy,  421. 

Prodromus,  ii,  427 ;  yi,  408. 
DeOandoUe,  (7.,  PiperaoesB,  iii,  128. 

Th^rie  de  la  Feuille,  yi,  272. 
Etdder^  on  moqphology  of  the  Andne- 

dum  in  FumariacesB,  i,  412. 
Engl&maM^  Juncus,  spedes  of^  in  N. 

America,  ii,  128. 
Flora  BrasUiensis,  i,  412;  iz,  404. 
Caucasi,  Bupprecht,  1,  279. 
of  British  Is.,  Hooker^  noticed,  1, 
281. 
of  Iceland,  revision  of,  1,  277. 
Ikmrnier  on  GrudfersB,  ii,  227. 
(Tray,  A.,  Field,  Forest,  and  Garden 
Botnny,  yii,  280. 

Hand-book  of  British  Alg»,  il 
281. 

Manual,  iy,  284. 

6th  ed.,  2d  issue,  y.  409. 
OrisAack,  OataL  Plant  Cuben&,  iii, 

409. 
Henfrey,  Elementary  Botany,  noticed, 

L429. 
JBMar,  Botanical  works  of,  i,  2. 

and  Baker^  Synopsis  Filicunif  yii, 
143. 
Hoope8y  Book  of  Evergreens,  vi,  270. 
KrAy  on  Yalerianeae,  i,  416. 
Le  Maau$  and    Deoaiine,    Traits    de 

Botan.,  y,  409. 
Lesquereuz,  Catalogue  of  Mosses,  y, 

273. 
Linnean  Soo.  Journal,  vi,  271. 
LyeU,  Hand-book  of  Ferns,  iz,  404. 


B0TI.NICI.L  Nonois: — 
Martitis,  v.,  Flora  Bnwilienwis,  iy,  421 ; 

yi,408;  iz,  404;  1,426. 
Herbarium  of,  1,  279. 
Mtquel,  aCElnit^  de  la  flora  du  Japan 

avec  celles  de  I'Asie  et  de  rAmwioa 

du  Nord,  iv,  431. 
Prolusio  Flore  Japonion,  eta,  y, 

403. 
Mainno,  ^wth  of  Lycoperdon  gigan- 

teum,  iv,  123. 
IfuUer,  Botany  of  Australia,  i,  416. 
vegetation  of  the   Ofaatham  Is- 
lands, i,  416. 
Musci  Boreali  Americana,  i,  417. 
Fain^8  Catalogue,  i,  130. 
FarkUore,  Botanical  method,  iii,  273w 
Conifers,  iii,  272. 
spedes  of  Cotton,  iii,  272. 
Report  of  International  Horticultural 

Ezhibition  and  Botanical  Congress, 

iy,  123. 
SdUabwry,  Gtonera  of  plants,  ii,  280. 
Schmidl,  Reisen  in  Amur-lande,   vi, 

408. 
Seemann^a  Flora  Yitiensls,  i,  414. 
Viimorin'Andrieua  A  Oie^  Flours  de 

pleine  terre,  y,  269. 
Watoon^  Indez  to  names  of  Indian 

plants,  vu.  143. 
Wimmtr^  Salices  Burc^Mes,  iii,  272. 
Botany  : — 
Alg»  fh>m  hot  springs,  WooAf  vi,  31. 
American  heather,  Oray,  iii,  128. 
Anthers,  MuOer,  iii  126. 
Autumnal  foliage,  WharUm^  vii,  261. 
Branches,  changes  of  direction  oi^  ii, 

130. 
Caricography,   C.  Dewey,  i,  226,  326 ; 

ii,  243 ;  indez  to,  ii,  326. 
Cinchona,  species  of,  ii,  131. 
Corydalis  cava,  fertilization  of,  ii,  131. 
CyperacesB,  Bctekeler,  1,  279. 
Development  of  flower  of  Pinguicola 

vulgaris,  iz,  404. 
Dimerous  flower  of  Cypripedium  can- 

didum,  it  195. 
Fertilization  of  flowers  by  insects,  Ogle, 

1,  278. 
Flora  of  Eastern  Kansas,  JETott,  1,  29. 
Hydrolea,  the  genus,  BermeU^  1,  277. 
Ipomea  simulans,  Banbury^  1,  277. 
Jalap,  Tampico,  1,  277. 
Lauraoese,  Clarke  on,  ii,  131. 
Lessingia  Qermanorum,  ii,  128. 
Life  in  the  hot  and  saline  waters  in 

California.  Brewer,  i,  391;  ii  429. 
Mountain  plantH,  migration  of«  ii,  \  32. 
Nomenclature,  laws  ot,  at  Botenioal 

Congress,  vi,  63. 
remarks  on,  Grayj  vi,  74. 
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Botany: — 
Notes  on  vegetable  phjaiologyf  indud 
ing  effects  of  light,  modes  of  fertili- 
zation, etc ,  iz,  406. 
Oaks,  Midiaux  Grove,  1,  279. 
Orotaya  dragon-tree,  ▼,  270. 
Palm  culture,  WendBand^  ii,  132. 
Plants  Wiightianffi  Gubenses,  vii,  144. 
Scolopendrium  officinarum,  Paine^    i, 

417 ;  ii,  281. 
Sequoia  of  California  measured,  ii,  129. 
Sisymbrium,  Oray^  ii,  277. 
Shortia  and  Schizocodon  identical,  t, 

402. 
Stamens,  morphology  of.  iii,  273. 
System  in,  Kock,  ii,  132. 
Tenacity  of  life  of  seeds  and  spores,  i, 

393. 
Tree-labels,  Oreighton's,  iii,  273. 
Union  of  two  trees,  Lyinnan^  iii,  276. 
BwasingavUy  on  action  of  foliage,  ii,  126. 
Brachiopoda,  a  division  of  annelida,  Mone^ 

L  100. 
Bradley,  F.  H.^  flah-remains  in  western 
New  York,  ii,  70. 

Indiana  geoL  survey,  1,  136. 
Braithwaite's  Retrospect,  noticed,  vi,  286. 
Brandau,  preparation  of  barium  chl(M»te, 

1,111. 
Brande,  W.  T.,  obituary  of,  i,  428. 
Braun,  tests  for  glucose,  iii,  250. 
Brazil,  reptilian  remains.  Marsh,  vii,  390. 
Breaae^s  hydraulic  motors  noticed,  ix,  144. 
Brewer,     W.   H.,  g^ld-rocks  of  Pacific 
coast,  ii,  114. 

gold-bearing  rocks  of  California,  v, 
397. 

Human  skull  found  in  Califomia,  ii, 
424. 
MouDt  Hood,  ii,  422. 
notice  of  Darwin's  Variation  under 
Domestication,  vi,  140. 
obituary  of  Mnrtius,  vii,  288. 
on  life  in  hot  and  saline  waters  in 
California,  I  391. 

OD  tenacity  of  life  in   seeds  and 
spores,  i,  393. 

review  of  Whitney's  Report  on  Cali- 
fornia, i,  231,  361. 
Brewster,  D.,  obituary  of,  v,  284. 
Brewster's  neutral  point,  Chase^  iif  111| 

112;  iv,  70. 
Brigham  on  Hawaiian  volcanoes,  noticed, 

V,  427. 
Brines,  chemistry  of,  Gceaamann,  iv,  77 
Brinton,   D.    G.,   on  Central  American 

manuscripts,  vii,  222. 
British  Association,  Address  of   T.  H. 
Huxley,  President,  1,  383. 

meetings  of,  ii,  433;  iv,  436; 
vi,  148,  430;  viii,  438;  1,  160. 
Proceedings  of,  i,  141. 


British  Islands,  Stodenfs  flora  of,  noCieed, 

1,  281. 
Brodie,  B.  C,  the  new  chemioBl  caloalDi, 

iv,  270. 
Bromhydric  add,  prep,  of,  1,  113. 
Broruids,  test  for,  BO,  v,  224. 
Brome,  on  Gibraltar  caves,  vii,  277. 
Brown,  /?.,  Botanical  workSi  noticed,?!, 
271;  iii,  126. 

supposed  absenoe  of  drift  from  Pa- 
cific sk>pe  of  Rocky  MtsL,  1,  318. 
Browne,  J.  R.,  on  mineral  resouroes  of 

the  U.  S.,  noticed,  v,  439. 
Browning,  J.,  Spectra  of  meteorS)  v,  219. 
Bninet,  Elements  de  Botanique,  1,  278. 
Brush,  O.  J.,  on  Cookeite  ai^  Jeflbristi^ 
i,  246. 
new  mineral  localities,  ii,  268. 
native  hydrates  of  iron,  iv,  219. 
Kustel  on  ores,  v,  287,  432. 
on  Sussezite,  vi,  140,  240. 
on  Hortonolite,  viii,  17. 
on  Durangite,  viii,  179. 
meteoric  stone  of  Alabama,  viu,  240. 
on  the  magnetite  in  the  Pennsvilte 
mica,  viii,  360. 
Bryant^  C,  habits  of  northern  fbr  seil, 

noticed,  I  431. 
Buehan,  <Ustribution  of  barometric  pre»' 

sure,  eta,  iz,  440. 
Buchan's  Meteorology,  noticed,  vii,  431 
Buckley's  Texas  QeoL  Survey,  ii,  437. 
BuckUm,  double  dilorids,  etc.,  iz,  264. 
Bunsen  flame,  theory  of,  Knapp,  1,  266. 
BuMen,  R,  flame-reactions,  iii,  110. 

washing  of  precipitates,  vii,  321. 
Buoys,  lighting  power  for,  iz.  284. 
Burkhardt,  J.,  obituary,  iU,  283. 
Burton,  B.  S.,  enargite  jamesonite,  aod 

tetrahedrite,  v.  34. 
Butter,  T.  B.,  Atmospheric  system,  no- 
ticed, I,  160. 
Butterflies  of  North  America,by  Edwards, 
noticed,  viii,  144,  433. 


Ctesium,  new  salt  of,  Sharpleij  vii,  178. 
Oahours,   derivatives  of  tryethyl  phos- 

phines,  1,  416. 
Calculus,  new  chemical,  Brodie,  iv,  270. 
Caldwell's  Agricultural  analysis,  iz,  143. 
'California,  Soke's  list  of  minerals  in,  ii, 
114,  126. 
boraz  in,  i,  266. 
earthquake,  1868,  vi,  428. 
geological  survey,  i,  428 ;  iz,  400. 
gold-fields,  geology  of,  vii,  134. 
gold,  crystallized  mass  ot,  i,  120. 
human  remams  in,  Winslow,  i,  407. 
skull  discovered  in,  Ansiwr,  ii, 
424 ;  iii,  266. . 
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California,  life  in  hot  and  saline  waters 
of,  i,  391;  ii,  429. 

new  facts  in  geology  of,  Whitneify  i, 
262. 
oils,  distillation  of,  Peekham,  vii,  9. 
petroleum,  see  OH  and  Petrolewn, 
publications  of  G^logical  survey  of, 
viii,  133,  148,  161. 

subdivisions  of  the  Cretaceous  of, 
Gabby  iv,  226 ;   Conrad,  iv,  376. 

weiUth  of,  Cronise  on,  noticed,  vii, 
160. 

Whitney's  geology  of,  reviewed,  with 

notices  of  gold-rocks,  i,  124,  231,  361. 

Calomel,  vapor-density  of,  vi,  398. 

Cambridge  course  of  Elem.  Physics,  v, 

142 ;  vi,  285. 
Cambridge,  Mass.  Museum  of  Compara- 
tive Zodlogy,  Report,  noticed,  vii,  286. 
Campbell  on  the  Northwest  boundary, 

noticed,  vii,  110. 
Canals,  between  the  Atlantic  and  Padflc, 

iv,  381. 
Candles  and  soap,  manufacture  of,  no- 
ticed iv,  141. 
Cannon,  new  kind  of,  Dreadw^  i,  97. 

strength  of,  HreadweU^  v,  135. 
Capitol    at  Washington,  movement   of 

dome  of,  by  the  winds,  ix,  384. 
Carbohydrates,    acetyl    compounds    of, 
Sehiihenberfier  and  Ifaudin^  viii,  414. 
action  of  water  on,  iii,  371. 
Carbon,  adamantine  anthracitic,  iv.  108. 
bisulphid  of,  in  sunlight,  vi,  363. 
in  iron,  how  determined,  vii,  374. 
new  sulphid  of,  i,  251. 
replaced  by  silicon,  ii  266. 
varieties,  Berthdot  on,  vii,  418. 
Carbonate,   sodic,    Kessler's  patent,   v, 

254. 
Carbonic  acid,  estimation  of,  Johngon,  viii, 

111. 
Carbonous  acid  vemu  formia  Barker^  iv, 

263. 
Carbonylic  chlorid,   Sehiitzenberger    on, 
vii,  423. 
sulphid.  Than,  vii,  422. 
Carioography,   Dewey ^  I   226,   326;    ii, 

243  ;  index  to,  ii,  325. 
CariuBy  synthesis  of  organic  adds,  iv, 

266. 
(kurpenitry  W.  A,  Eozoon  Canadense,  i, 
406 ;  vi,  245. 

deep  sea  dredginir,  iz,  410. 
on  organic  nature  of  Eozodn,  iv, 
367. 
Carmthen  on  EquisetaoesD,  vii,  279. 
Oorsianjenj  E.^  thallic  add,  iv.  269. 
Oaspary^  on  change  of  position  in  branch- 
es, ii,  130. 
Cassin,  J.,  obituary  of.  Brewer,  vii,  291. 
omithok)gioal  collection  of;  vii,  436. 


CaiUn,  (?.,  American  Rocks,  noticed,  1, 

136. 
Caton,  J.  D.,  American  Cervos  by,  no- 
ticed, viii,  144. 
Caucasus,  notes  on,  von  KoedhkuU^  vi,  214, 
336. 
highest  peaks  of,  vii,  382. 
Cave  mammals.  Cope,  iz,  273. 
Cavern,  Malta,  i,  140. 
Central  American  M3S.,  BriiUon,y\\,  222. 
Central  Park  of  New  York,  report  of 

commissioners  of,  noticed,  vii,  446. 
Cephalaspis,  Lankester^  i,  261. 
Cephalization,  No.  IV,  Dana,  i,  163. 

in  moUusca,  Moree,  ii,  19. 
Cerium,  equivalent  of,  Wo^f,  vi,  63. 
group,  double  sulphates  of,  iz,  366. 
metallic,  Wohler,  v,  254. 
Chalk  in  Colorado,  i,  401. 
Chambers's  Astronomy,  iii,  422. 

Encydopedia,  i,  288 ;  ii,   139,  440 ; 
V,  143;  vi,  433. 
Champion,  bromhydric  add,  1,  113. 
ChancourMa,  origin  of  diamonds,  ii,  271. 
Chapman,  E.  Jl,  on  native  lead  northwest 

of  Lake  Superior,  i,  264. 
Chaae,  E.  0.,  skylight  polarization,  iv, 

266 ;  V,  96. 
ChoM  P.  E,  comparison  of  mechanical 
equivalents,  1,  261. 
connotations  of  magnetism,  vi,  398. 
laws  of  distributioD  of  heat   over 
the  earth,  iv,  68. 
magnetism  of  iron,  v,  247. 
medianicA  polarity,  i,  90. 
method  of  meteorological  compari- 
son, i,  168. 

rain  fall  affected  by  the  moon,  vi, 
281. 

skylight  polarization,  ii,  111. 
visibility  of  neutral  point«,  ii,  112. 
Chatard,   T.  M.,  gelatinous  predpitates, 

1,267. 
Chatham  Is.,  peat  etc.,  of,  i,  123. 

vegetation  of,  i,  416. 
Chauvenet's  Elementary  Gleometry,  no- 
ticed 1,  438. 
Chemical  analysis;   separation  of  lead 
*  and  bismuth  by  bromo-thallates,  i,  107. 
on  a  process  of  elementary,  C 
Q.  Wheder,  i,  33. 

repetition  in,  1,  249. 
Sprengel  pump  in,  iz,  378. 
calculus,  new,  Brodie,  iv,  240. 
constitution  and    crystalline   form, 
relation  between,  Dana,  iv,  89,  262. 
formulas  of  the  silicates,   iv,    252, 
398. 

History  of  siz   days  of  CreatioQ, 
Phin,  1,  294. 

News,  Am.  ed.,  noticed,  iv,  294;  t, 
144. 
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Gbemioftl   nomanelatme,    ItOmoti^^  iii, 
140. 

philotophj,  Oooke^  notioed,  tu,  436 ; 
1,150. 

ByntheuB,  Bertkdot,  iii,  96,  261,  386. 
389. 

tables,  8harple$^  nolioed,  ill,  139. 
Chsmibtbt: — 
AdcU*,  aromatic,  syntheeiB  of,  1,  116. 

yol  of  crotoo  oil,  1,  116. 
Aloolid,  iso-butyl,  conTersion  of,  1, 114. 
Anenic  and    araenoua    add    eihidiK, 

Oraftt,  \  10. 
barium  chlorate,  prep,  ot  1,  111. 
beech-wood  tar  creosote,  1,  117. 
bromhydric  add,  prep,  of^  1,  113. 
Chloral,  seoondarj  prods.  oC  1,  109. 
conjugate  bodies  in  inorganic,  BUmy- 

strand,  ix,  110. 
copper,  vol  eetim.  d^  WeQ,  1,  108. 
SUot  and  Storer's,  ui,  420 ;  vi,  130. 
Franklaod's,  iii,  137. 
G.  Fownes*8,  noticed,  viii,  448. 
Handbook  of,  ii^aiid  OilleU,  Tii,  294. 
Uarcourf  8,  noticed,  is,  141. 
hydrogeiiium-amaigam,  Loew,  1,  99. 
Killer's,  notioed,  iy,  296. 
nitric  anhjdrid,  pr^  a(  1,  112. 
of  copper,  Bunt,  iz,  16ll. 
of  the  Bessemer  process,  1,  432. 
of  the  Farm  and  Sea,  by  I/tchob,  no- 
ticed, iv,  141. 
physiological,  notices  in,  Barker^  vi, 

233,  379. 
properties  of  predp.  irdk,  Lsna,  1,  110. 
Ro9coe*8,  iii,  137. 
selenium,  properties  of^  I  111. 
sulphur  trioxyd,  SchfMt-DeUaek,  1,  114. 
tantalic  add  in  microlite,  1,  95. 
thallium,  position  of^  Jtowwirfstsry,  1, 

108. 
uranium,  recovery  of,  1,  113. 
Cheyjiey,  J.  S.^  mode  of  showing  vibra- 
tions, vi,  243. 
Chicago  Museum,  director  of,  iii,  281. 

tunnel  excavations,  iii,  76. 
Chiid.   G.,  production  of  organisms,   i. 

381. 
China,  coal  formation  of,  Kewberryf  iif 
151. 

explorations  in,  Richthofen,  1,   149, 
410. 

delta  plain  of,  PumpeUyf  v,»219. 

geology  of  PumpeOy.  if  145. 

journey  through,  Biekmare,  vi^  1. 

notes  on,  Martin^  vii'  98. 

See  also  Gtoiogy, 
Chladni  plates,  mode  of   showing  the 

vibrations  in,  Cheyttey,  vi,  243. 
Chloral,  secondary  products  of.  1,  109. 
Chlorid,   carbonylic,   Schubtenbetrg&r,  vii, 
423. 


Chlorida  OGReqfwnding  to  peroi^fd^  i, 

107. 
Chlorine  in  organic  oonpoondi.  Wmrrn^ 

ii,  166. 
Ckrigty,  ReiigniiB  Aquitanion,  Iz,  141 
Chromiom,  mode  of  obtaining,  vi  131. 
and  iron  oompoonda  oi,  CMiSi  fiS, 
346. 

Ohromites  of  magneaiimi,  IRektei,  vii,  16L 
Chronograph,  proposed,  Tmmg,  ii,  si. 
CbiowSogj,  new  period  in.  Ihmekf  I,  Ifl 
Chwrek,  on  namaqualite,  L  271. 
ClariE.  A.,  receives  Bumford  madsl,  G, 

136. 
Ckurk^  H.  J^  animaUtj  of  spongeai  ii,  32ft. 
Anth<^hysa  MilUeri,  il  223. 
mind  in  nature,  noticed,  i,  286, 418. 
on  Spongis  dliftte,  v,  418. 
on  Yortioellidian  parasite  of  Hydn, 
notioed,  ii,  134,  284. 
polarity  and  polycephaHanri,  iz,  69. 
Clarke,  F.  W.,  atomic  volumes  of  liquidi, 
vii,  180. 

of  8(^d  elements,  vii,  308. 
of  solid  oompoonda,  1, 174. 
mineral  analysis,  v,  173. 
on  cobalt  and  nidcel,  viii,  67. 
separation  of  tin  from  aneoic^ 
etc,  iz,  48. 
Olarhe,  W,  B,  Dinomis  and  aanrisn  is- 
mains  of  Australia,  iz,  273. 

sedimentary    formatioos    of    Kev 
South  Wales,  v,  334. 
Ctauiiue,   R,  mechanical  theory  of  beat 
^ith    its    application  to  the  stesin- 
engine,  noticed,  iv,  437. 
CtevCj  Ammonia-chromium  bases,  iz,  251. 
Clouds,  formation  of;  l)f»daU,  viii,  268. 
Coal  formation  of  Chbia,  Newberry^  ii, 
151. 

of  Tiangeac,  Haute  Loire,  L  2€9. 
Coal-tar,  hydro^rbons  in,  Ber^ekfii  iv, 

418. 
Coal,  see  Gsoloqt. 

work  on,  by  GeinUz,  noticed,  i,  285, 
430. 
Ooan,  7.,  eruptionB  in  Hawaii,  L  424;  ni, 

264;  vi,  106;  vii,  89;  ix,  269,  393. 
Coast  Survey,  magnetic  observations  in 
Mame,  Baehtj  ii,  141. 

recent  G-ulf-etream   soundinga^ 
MUeheO,  iii,  69. 

report,  v,  143;  vii,  447;  1,  439. 
Superintendent   appointed,  iii, 
281. 

Cobalt,  nitrate  of,  JSrdmann,  iii,  248. 
and  nidcel,  separation  oC  ii*  254; 
Clarke,  on,  viii,  67. 
CMold,  on  beef  and  pork  as  sooroes  of 

Entozoa,  i,  283. 
Coleoptera,  rhynohophorous^  ZeUm^  iTt 
4L 
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Color  from  mixing  blue  and  yellow,  Bood, 

i,369. 
Ckiknado,  ohalk  in.  i,  401. 

geologrical  obaervationB  in,  iv,  284. 
MauvBises  Torres  in,  1,  292. 
parks  of^  iv,  361. 
Sivatheiium  in,  Lndy,  1,  270. 
Coloration  by  diflchargea  from  inducto- 

riimk  y,  391. 
CbfiMT,  D.  a,  ehalk  in  Colorado,  1,  401. 
Colton'8  Journal  of  Geography,  ▼,  142. 
Combustion,  rapid,  production  of  ozone 
in,  1,  265. 

under  presBure,  vi,  394. 
Comet  a  new,  Wtnneoikfl,  1,  104. 
Biela'i>,  division  of.  iv,  130. 
connection  with  meteors,  iv,  128. 
discovered,  iii,  279. 
m,  1862,  elements  of,  iv,  130. 
II,  1867,  iv.  130. 

of  1812  and  1846,  Kirkwood,  viii, 
266. 

prizes  for  discovery  of,  viii,  279;  ix, 

442. 

Connecticut  Academy  of  Arts  and  Sd- 

enoea,  Transactions  of,  ii,  138;  1  437. 

Cbmradf  T.  A.^  check  list  of  Eocene,  eta. 

noticed,  iii,  363. 

new  Eocene  gproups,  i,  96 
divisions  of  Eocene,  HUfford  on,  ii, 
68. 

fossil  shells  of  the  upper  Amazon, 
noticed,  1,  424. 

mixtures  of  Cretaceous  and  Eocene 
fossils,  ix,  276. 

North  and  3  »uth  Carolina  Tertiary, 
iii,  260. 

notes   on    American    foesiliferous 
strata,  vii,  368. 

reply  on  the  Cretaceous  of  Califor- 
nia, iv,  376. 
Cook,  G.  H.,  Geology  of  New  Jersey, 
noticed,  vii,  429. 

Geol  map  of  N.  J.,  noticed,  vii,  112. 
279. 
Cboke,  J.  P.,  atomic  ratio,  vii  386. 
aqueous  lines  of  spectrum,  i,  178. 
certain  lecture  experiments,  and  a 
new  form  of  Eudiometer,  iv,  189. 

Chemical  philosophy   by,    noticed. 
Til,  436 ;  1  150. 
cryophOite,  iii,  217. 
danalite,  ii,  73 

determination  of  protoxyd  of  iron 
in  silicates,  iv,  347. 
heat  of  friction,  i,  116. 
on  some  American  chlorites,  iv,  201. 
Copal  of  Zanzibar,  ix.  128. 
Cbpa,  E.  D.f  Alleghany  fishes,  noticed, 
vii,  286. 
Dinosaur  in  N.  J.  Cretaceous,  ii,  426. 
Ebsmosaurus  pla^yunia,  1,  140,  268. 


Cbpe,  E.  D.,  extinct  Batrachia  and  Rep* 
tilia  of  N.  A.,  Part  II,  uoticed,  1,  160. 
Extinct  cave-manmals  of  U.  8.,  no- 
ticed, ix.  273. 
hypothesis  of  evolution,  1,  482. 
Maack's  Schildkroteu,  noticed  by,  1, 
136. 
Megadactylus  polyzelus,  ix,  390. 
new  Enalioeaur,  vi,  263. 
on  genus  Leelaps,  vi,  416. 
on  Rauiform  Aneura,  noticed,  v,  418. 
on  Rome  reptilian  remains,  viii,  278. 
synopsis  of  extinct  Batrachia,  Repti- 
lia  and  Aves  of  N.  A.,  viii,  460. 
Copley  medal  to  Chasles,  i,  428. 
Copper,  chemistry  of.  EwU^  ix,  163. 
diffusion  of  Niekiis,  v,  67. 
precipitation  of,  by  hypophosphorous 
acid,  Gibbs,  iv,  210. 
red  oxyd  of,  Blake,  iii,  124. 
and    nickel,    precipitation    of,    by 
alkaline  carbonates,  iv,  213. 
volumet  estimation  of,  WeU,  1, 108. 
Cornls,  VerriUy  viii,  419,  431,  432;  ix,  370. 
Oorbiny  J.  H.  H„  on  compounds  of  diro- 

mium  and  iron,  viii,  346. 
Cordova  observatory,  Gould  at,  1,  144. 
Cotta's  Ore-deposits,  noticed,  ix,  271. 
Cotting,  J.  R.,  obituary,  v,  141. 
Coues's  lists  of  birds,  noticed,  vii,  150. 
antero-posterior  synmietry,  etc.,  no- 
ticed, I  432. 
Cowan's  facts  in  the  history  of  insects, 

noticed,  i,  136. 
Cbx,  E.  71,  Indiana  geol.  survey,  1,  136. 

ethers  of  arsenic,  1,  10. 
CVy^,  J.  M.y  silidc  acid  ethers,  iii,  166, 
831. 

silicon,  combinations  of,  withalcohd- 
radicals,  ix,  307. 
qualitative  analysis,  ix,  142. 
Craig's  decimal  system,  noticed,  iii,  423. 
Creighton's  tree-labels,  iii,  273. 
Cremona,  work  by,  noticed,  1,  438. 
Creosote  from  beech-wood  tar,  1,  117. 
Cretaoous  of  California,  subdivisions  of, 
Gatib,  iv,  226. 
Conrad,  in  reply  to  Gabb,  iv,  376. 
of  Iowa,  exogenous  leaves  in,  WkUe, 
iv,  119. 
plants  of  Nebraska,  vi,  91. 
of  N.  America,  vi,  401. 
Crinoidea.  paleozoic,  Meek,  viii,  23 ;  1, 136. 
BUMngs,  viii,  69 ;  ix,  6 1 ;  1,  226.  436. 
convoluted  plate  in,  HeM,  i.  261. 
Crocodile  in  Fl<vrida,  Wyman,  ix,  106. 
CnU,  J,  ocean  currents  as  distributers 
of  heat,  1,  118. 
on  motion  of  glaciers,  viii,  273.      : '•; 
on  Scottish  glaciers.  1,  292. 
Cronise's  wealth  of  California,  noticed, 
vii,  160. 
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Orookea's  edition  of  Mitchell  on  aasajing, 
vi,  434. 
metallurgj,  noticed,  ix,  144,  286. 
Orotonic  acid^  iii,  110. 
Groton  oil,  volatile  adds  of,  1,  116. 
Crowther^  J9.,  petroleum  in  Mexico,  yi, 

147. 
Crustacea  of  Brazil,  SmUk,  yiii,  388. 
localities  of  Artemia,  viii.  480. 
new  Phjllopod,  Fcrrttt,  viii,  244. 
GrustaceaD.parasitism,  VerriU^  It,  126. 
Crystals,  ezpaosion  of,  iii.  256. 

on  measuring,  Bhke^  i,  308. 
Crystallographic  and  crystallogeDic  con- 
tributions, No.  IT,  Dana^  iv,  89,  252, 
398. 
Currents,  marine,  of  the  north  circum- 

polftr  basin,  iy,  383. 
Owrtia^  Botanj  of  N.  C.  survey,  v,  271. 
Esculent   Fungi  of  United   States, 
noticed,  ii,  129. 
Cyanic  ethers,  iii,  388. 
Cyanhydric  add,  BerQuHot^  vii,  420. 

homologues  of,  Hofinann^  iv,  416. 
Cydopedia,  American,  noticed,  ii,  138; 
iv,  140;  vi,  481. 


D'Afrelef  s  observations  on  fixed  stars, 

noticed,  iv,  287. 
DaR,    W.  H.^  explorations   in  Russian 
America,  i,  139 ;  v,  96. 

on  a  pure  scariet  1,  291. 
Da/na^  J.  2).,  on  cephalization,  with  re- 
plies  to  objections,  i,  163. 

on  spontaneous  generation,  i,  389. 

on  Shepard's  corundophilitiB  and  pa- 
racolumbite,  ii,  269. 

on  tumerite,  ii,  420. 

origin  of  earth's  features,  ii,  205,  252. 

connection  between  crystalline  form 
and  chem.  constitution,  iv,  89,  252. 

crystallograpic  and  crystallogenic 
contributions.  No.  IV,  iv,  89,  252,  398. 

on  mineralogical  nomenclature,  iv, 
146,  436. 

chemical  formulas  of  the  silicates,  iv, 
262.  398. 

chemical  formulas  of  the  feldspars, 
micas,  scapolites,  etc.,  and  relations 
between  proportion  of  silica  and  alka- 
lies, iv,  398. 

isomorphism  of  isometric  and  dino- 
hedral  feldspars,  iv,  406. 

classification  of  the  elements,  iv,  261. 

editorial  note  in  answer  to  Hinrichs, 
V,  102. 

note  on  anhydrous  silicates,  v,  109. 

Hawaii,  eniption  in,  vi,  105,  122. 

on  the  magnetite  in  the  PennsviUe 
mica,  viii,  360. 


Dana,  J.  2>.,  geol.  of  the  New  Haven  it- 
gion,  etc.,  notioed,  ix,  276. 
Mineralogy  of,  5thed..notioedvi,Ul 
corrections  for,  viii,  433. 
Dana,  S.  L.,  obitusry  of^  v,  424. 
Darwin  on  climbing  plants,  noticed,  i,  1 U. 
variation  of  animals  under  domeiti- 
cation.  noticed,  v,  141 ;  Bnw&r^  vi,  140. 
Daubeny,  C,  obituary,  v,  124,  272. 

ozone  from  pUtLts,  iii,  273. 
Daubrie  on  meteorites,  ii,  124. 

Substances  Minerales,  etc.,  notioed, 
viii,  419. 

synthetic  experiments  on  meteoritei, 
noticed,  viii,  419. 
Davidson^  (?.,  effects  of  son's  heat  on  % 

sand-hill,  ix,  256. 
Dawson,  J.    Wl,  Acadian  Geology,  no- 
ticed, vi,  267. 
Eozoon  Canadenee,  iii,  270 ;  vi,  346. 
fossils  fhnn  the  Laarentian,  and  on 
Eozoon,  iv,  367. 
graphite  in  Canada  Laurentian,  1,130. 
new  Zonites,  vi,  266. 
paleozoic  insects,  iv,  116. 
Day,  Jeremiah,  obituary  of,  iv,  291. 
Dead  Sea,  formation  of.  Lariet,  ii,  266. 
Debray,  on  chlorids  of  tungsten,  ii,  254 
on  compounds  of  mdybdic  and  phos- 
phoric adds,  vi,  397. 
DeCandolie,  A.,    Address    at  Botsnicil 
Congress,  ii,  129,  230. 

laws  of  nomendature  at  Botanical 
Congress,  vi,  63. 
Botanical  nomendature,  1.  274. 
Prodromus,  noticed,  ii,  427 ;  vi,  408. 
DeCandoUe^  C,  Piperaceee,  noticed,  iii,l28. 

theorie  de  la  feuille,  vi,  272. 
DeForest,  E.  2^,  on  correcting  an  error  of 
temperature  from  unequ^  lengths  of 
mouths,  i,  371. 

on    correcting   monthly  means,  ii, 
164,  289. 

on  reducing  meteorological  observa- 
tions, iii,  316. 
De  la  Rue,  FT,  solar  physic!*,  iii,  1 79, 322. 
Delesse,  Carte  Agronomique,  noticed,  i 
429. 

Hydrographic  map  of  the  department 
of  theSehie,  noticed,  iii,  136;  iv,  143. 
Le  Metamorphism  des  Roches,  no- 
ticed, viii,  188. 
Lithologie  des  Mors,  ix,  144^  286. 
on  Origin  of  rocks,  noticed,  ii,  440. 
Revue  de  Geologic,  eta,  noticed,  i, 
286. 

Delessert.  F.,  obituary  of,  vii,  142. 
Density,  finding  difference  of.  iii,  890. 
DesChizeauXy  action  of  heat  on  cnrstals, 
iv,  112. 
on  pachndite,  iii,  271. 
on  transparent  wdfiram,  viii,  137. 
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DeaChiseaux  on  wolframite,  I  271. 
Desdoizite  of  Wheailey  mine,  Smithf  viii, 

137. 
Desor,  on  Sahara,  noticed,  i,  143. 
DmriBe,  graphitoidal  boron,  iii,  260,  388. 
on  magnesia  in  hydraulic  cements,  i, 
426. 
Ikwty,  C,  Carioography,  i,  226,  326 ;  ii, 
343,  826. 

obituary  of,  v,  122. 
DeKter,  W.  P.,  chemical  apparatus,  yi,  61. 
sulphates  of  antimony,  vi,  78. 
preparation  of  hydrofluoric  acid,  ii, 
110. 
Diamond,  colored  by  heat,  ii,  270. 
origin  of,  Chamoowrtoia^  ii,  271. 
in  Australia,  ix,  276. 
in  Oregon,  viii,  441. 
Diamylene,  oxydation  with  chromic  add, 

Wofa,  V,  67. 
DiatomaoeaB,   spectroscopic  examination 

oC  viii,  83. 
Dickermm^  A.  B„  volcanic  eruption,  v,  131. 
DiflsociHtioQ  of  ammoniaoal  oompounds, 

Jaambert^  ix,  387. 
Distillation,  on  products  of,  Assmuis^  v, 

274. 
Dodo,  skeletons  of,  discovered,  i,  273. 
Doherty,  Organic  Philosophy,  vol  U,  v, 

427. 
Dolomite,  formation  of,  Hunt,  ii,  63. 

gypsum  decomposed  by,  Bunt^  ii,  60. 
DoMfflcu,  /.,  source  of  muscular  power, 

V,  110. 
Ihwning^  A. «/.,  fruits,  eta,  of  America, 

noticed,  ix,  142. 
Dredging,  ocean,  ix,  129.  410. 
Drift-boulder  and  scratches  of   Engle- 

wood.  Dwight,  i,  10. 
Drift  in  Labrador,  Packard,  i,  30. 
in  Wisconsin,  Blits,  i,  266. 
in  South  Wales,  Symonds,  i,  269. 
in  western  and  southern  states,  HU- 
gard,  ii,  343. 
in  southwest  Iowa,  White,  iv,  119. 
western.  Andrews,  viii,  172. 
Dudley  Obsenratory  annals,  noticed,  ii, 

139. 
DupofU,  Beltfian  bone-cave,  iii,  121,  260. 
DurHUgite,  O,  J.  Brush,  viii,  179. 
Button,  C,  E.f  chemistry  of  the  Bessemer 

process,  1,  432. 
Bwight,  W.  B.  boulder  of  Englewood  i,10. 

Coxsackie  land  sinking,  112. 
Dyeing,  Schiitsenberger  on,  noticed,  iii, 

421. 
Dynamo-magnetic  machine,  Ladd,  v,  116. 


E 


Earth,  origin  of  features  of,   Dana,  ii, 
206,  262. 


Earthquake  in  Australia,  vi,  427. 
hi  Bogota,  S.  A,  HurOnU,  1,  408. 
in  California,  1868,  vi,  428. 
in  New  England,  viii,  418. 
in  Kansas,  vi,  132;  Parker,  v,  129. 
in  N.  York,  Yt,  and  Canada,  v,  136. 
in  South  America,  1868,  vi,  422. 
in  St  Thomas  v,  133. 
in  New  England,  Oct,  1870, 1,  434. 
Earthquakes,  library  of  works  on,   for 
sale,  ii,  290. 

Perry  on,  noticed,  v,  268. 
Winslow  on,  ii,  46. 
Earthquake  waves,  eta,  Ooan,  ix,  269. 
Karth's  crust,  change  of  axis  of,  Evans, 

ui,  230. 
Earth's  orbit,   secular  variation  in  ele- 
ments of,  StodeweU,  vi,  87,  436 ;  1,  147. 
Eastman,  J.  R.,  height  of   Kearsarge 

mountain,  viii  439. 
Eaton,  D.  C,  Gray's  field,  forest,  and 
garden  Botany,  noticed  by,  vii,  280. 
Hooker's  Synopsis  Fil'cum,  vii,  143. 
Botanical  notices,  I,  426. 
Eclipse,  solar,  on  observing  corona  dur- 
ing. Newcomh,  vii,  413. 
spectroscope  observations,  vii,  127. 
See  farther.  Sun. 
Edkvnd,  galvanic  expansion,  iii  266. 
Edwards,  A.  M.,  living  forms  in  hot  wa- 
ters of  California,  v,  239. 
Edwards's  Oiseaux  fossiles  de  la  France, 

noticed,  vii,  276. 
Edwards,   W,  H.,  Butterflies  of  North 
America  by,  noticed,  vi,  160, 436;  viii, 
144,  483  ;  ix,  427. 
Eggerh,  on  determming  carbon  in  iron, 

vii,  374. 
E^gs,  coloring  matter  of,  Stadeler,  Yi,  236, 
Bgleston,  T.,  geological  survey,  noticed, 

in,  114. 
Elani's  Physicians  Problems,  ix,  444. 
Elasmognathus,  GiU  iii,  370. 
Elasmosaurup,  note  on,  Cope,  1,  140,  268. 
!Elba  stone  implements,  i,  427. 
Elderhorst,W.,  Blowpipe  analysis,  iii,  136. 
Electrical  macliine,  form  of  discharge  be- 
tween poles  of,  Wright,  ix,  381. 
Electric  apparatus,  new.  iii,  107,  247, 386. 
brush  and  glow,  spectrum  of,  iii,  394. 
conductivities,   method  of  measur- 
ing, Mayer,  1,  307. 
currents  by  percussion.  Rood,  ii,  12. 
light,  co«*tof.  Farmer,  v,  112. 
spark,  flp:ures  produced  by,  ix  289. 
telegraph.  Manual  of,  by  F.  L.  Pope, 
noticed,  viii,  160. 
Electricity,  discharge  of  Leyden  jar  with 
induction  coil,  Rood,  viii,  163. 

F&raday's  discoveries  in,  I\fndaU,  ▼!, 
34,  180. 
Electrifloation  of  an  island,  1,  148. 
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El6ctro-mAg:iietiBm,  researchet  in,  Jfoy«r, 

1,  196. 
Electro-motiTe  force,  HauQf  ii,  381 ;  iii,  43. 
Elements,  atomic  volumes  of,  vii.  180,308. 
new,  associated  with  ziroonium,  viii, 
406. 
spectra  of,  JStnrto^  ii,  860. 
Elevations,  see  Hiiohts. 
Eliot  k  Storer's  Chemistry,  noticed,  iii, 

420;  vl,  130. 
Elliot's  birds  of  N.  America,  i,  433. 
Encke,  J.  F.,  biographical  sketch  of,  iii,  1 0. 
Encyclopedia,  Chamber's  noticed,  iy,  144. 
Engel,  0.  G.  F.,  obituary,  v,  282. 
Engdmanny  O.,  Jund  of  N.  America,  li, 

128. 
Engineering  Magazine,  Van  Nostrand's, 

▼ii,  296. 
Entomological  correspondence  of  Harris, 
noticed,  viii,  143. 

Society,  Pkilad.,  Tranractions.  1, 144; 

iv,  296;  v,  144,  428 ;  vi,  160, 161,  288. 

Entomologist,  American,  noticed,  vi,  436 ; 

I  439. 
Entozoa,  beef  and  pork  as  sources  of,  i, 
283. 
new  species  of,  VnriH  1,  223. 
Eocene,  division  o£  Oofiradf  i,  96 ;  HU- 
gardy  ii,  68. 
See  also  Geoloot. 
Eozoon,  Chrpmter  on,  i,  406 ;  vi,  246. 
in  Finland,  iv,  284. 
in  Massachusetts,  ix.  76. 
organic  nature  of,  Dawaon  and  (7ar- 
perUa-j  iv,  367 ;   inorgnnic  nature  of, 
King  and  Rowney^  iv,  376. 
See  also  Geoloot. 
Erbia,  Bahr  and  B^iknaen^  i,  399. 
Erdmann,  A.  J.,  obituary  of,  iz,  144. 

0.  L.,  obituary  of,  ix,  144. 
Erdmann's  Expos^  des  formations  Qua- 
tomaires  de  la  Suede,  noticed,  vi,  436. 
Essex  Institute,  Bulletin,  vii,  436. 
Peabody's  gift  to,  iii,  416. 
Proceedings,  i,  144, 431 ;  ii,  140, 
292;  iii,  424;  iv,  296;  v,  144,  428;  vi, 
288 ;  vii,  296 ;  ix,  444. 
Ethers,  arsenic  and  arsenious  acid,  Orafta, 
1,  10. 

bu^ric  and  caproio,  synthesis  of,  i, 
116. 

chloriuatod,   for  synthesis  of  alco- 
hols, Lieben,  iii,  249. 
cyanic  iii.  388. 

of  silicic  acid,  Frvedd  and  Orafta^  iii, 
166,  331. 
Ethyl  arseniate  of,  1,  10. 

arsenite  of,  1,  16. 
Ethylates,  potassic  and  sodio,  viii,  413. 
Ethylene-sodium,  a  new  radical.  Wank' 

lyn^  viii,  413. 
Eudiometer,  a  new  form  of,  Oooke^  iv,  199. 


EoaiM,  R  W,,  oU-bearing  upttft  of  Y. 

Virginia,  a  334. 
EvofUy  J*.,  geological  changes  in  poiitiai 

of  axis  of  earth's  crust  ^  230l 
Expansion,  galvanic,  iii*  2M. 
of  cryi-tals,  iii,  265. 
of    metals    and    alloys    by   bsi^ 
MaUhieuen,  iv,  110. 
of  solids,  measure  of,  MSOer^  via,  417. 
of  water  and  mercuiy,  iii,  364. 
Expedition,  polar,  new.  i.  427. 
Exploration  in   Riunan  Amerioi,  oob* 

neoted  with  Telegraph  Oo^  i,  139. 
Exploring  expedition   to  the  interior  !§• 

sin,  KinQy  iv,  118. 
Exposition,  Paria  1867,  HMOta,  y,  73. 
minerals  of,  Btahe^  ▼,  194. 
Reports  on.  ix,  287 ; 
viii,  297  ;£2aJiEe'«,Yiii,  126; 
447;  list  of.  ix,  268;  1,  296. 
Eye-pieoe,  new  l^ocular,  £Mflk,  v,  41 


FaUing  bodies,   apparatus  for  ihinriiLg 

laws  of,  ii,  418. 
Faraday,  obituary,  iy,  293 ;  lywdliB,  vi, 

34.  80;  da  la  Rwe,  Y,  \4A. 
Farmar,  M.  (?.,  oost  of  elecMclight^  v.  111 
magnetic  efTecte  of  the  aurora,  i,  118. 
mechanical  eqniyalent  of  ligh^  i,  214. 
Fanner^s  theorem  disousaed,  iSWsyttn, 

1,  372 ;  note  on  Stirop8(m's  paper,  iSi0- 

Uman^  \  377. 
For^tJ^,  E.  <71,  new  yariable  star,  ii,  71 
Fay,  T.  S,,  Great  Outline  of  Geography 

by,  noticed,  1,  161. 
Featherstonhaugh,  G.  W.,  obituary  oi;  Si, 

136. 

Femur,  work  on  excisions  of,  for  gun- 
shot injuries,  noticed,  viii,  448. 
Fendler,  A  ^  on  prairies,  i,  164. 
Ferns,  arrangement  of,  Smeka,  L  276. 
Ferrocyanid  of  potassium,  action  of  oo 

monochloraoetic  ether.  Loev,  v,  383. 
Feuchtwanger's  treatise  on  Gems,  no- 
ticed, iv,  296. 
Field's  History  of  Atlantic  Telegraph, 

noticed,  ii,  437. 
FkUay,  (7.,    prehistoric   Arffhawlogy  in 

Gn^ece,  1,  251. 
Fischer's  salt,  SadUer,  ix,  189. 
Fishes  destroyed  in  Bay  of  Fundy,  yi,  269. 
Fizeau,  expansion  of  crystals,  iii,  266. 
Flaqg^a  Hand-book  of  the  Sulphnr-cure 

for  the  vine-disease,  eta,  noticed,  ix, 

442. 

Flame,  Bunsen,  theory  of^  Knaspp^  \  255. 
monochromatic,  Nid^a^  iii,  92,  93. 
reactions,  Banatn.  iii  110. 
sodium,  i^tdbl^  iii,  92. 
sounding,  Smiilk,  y,  421,  422. 
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Fkuiies,  Inminoap,  HUgard^  yii,  218. 

Flammarion's  Astron.  stud^e^,  iii,  423. 

FUckj  H.,  on  sodium  in  exploflives,  vii,  431. 

Florida,  diange  of  level  on  coMSt  of,  i,  406. 

Flnoresoenoe,  Loughlin,  ill,  239. 

Fhiohydric  add,  properties  of,  Gort^  viii, 
406. 

Fluorids,  new,  Nkklis^  ▼,  66. 

Flying-flsh.  H.  Mann,  i,  272. 

FmdOf  on  Franklinito,  viii,  138. 

Footmarks  in  Kansas,  Mwige.  i,  174. 

Foraminifera  in  depths  of  ocean,  iz,  416. 

Forbes,  J.  D.,  obitiu^rj,  vii,  294. 

Force  and  WUl,  GpuU,  ix,  277. 

Formic  versus  carbonous  acid,  Bofher^ 
!▼,  263. 

FoMdl,  see  Gboloot  and  Zoology. 

i^brtar,  J.  TT,  Mississippi  Valley  bj,  no- 
ticed, yiil  160. 

FoQcaulfs  objectives,  iii,  264. 

Foumier  on  Cruciferse,  noticed,  ii,  277. 

FbwneSy  (7.,  Chemistry  by,  noticed,  yiii, 
448. 

Frankland,  E,,  adds  of  the  lactic  series, 
iv,  268. 
Chemistry  by,  noticed,  iii,  137. 
on  combustion  underpressure,  Ti,394. 
on  gaseous  spectra,  yiii,  402. 
source  of  muscular  power,  ii,  393. 

Fraonhofer's  lines,  wave-lengths  of,  i, 
396. 

Drench,  J.  W.,  precession-period  in  Chro- 
nology, 1, 172. 

Fresenius,  Johnson^s  edition  of.  iz,  266. 

Fresnel's  theory  of  reflexion  firom  glass 
sur&oet,  Socd,  iii,  104. 

Friction,  heat  of.  Cooke,  i,  116. 

Driedei,  a,  siUdc-add  ethers,  iii,  166, 331. 
on  silico-propionic  add,  1,  416. 


Oahb,  W.  jr.,  Cretaceous  of  California, 
iv,  226. 

Paleontology  of  California,  notioed, 
i,  284 ;  V,  288 ;  viii  133. 
GaMd,  T.,  action  of  sunlight  on  glass, 

iv,  244,  316. 
GaUaiin,  A.  H.,  on  ammonium  and  on 
tests  for  nascent  hydrogen,  iz,  266. 267. 
Galv^inic  battery,  Hough,  viii,  182. 

drcuit,  resistance  of,  Humg,  ii,  383 ; 
iii,  43. 
Ghu^  effect  of  mixture  with  atmospheric 
air  on  illuminating  power  of,  SMnan 
and  ITurte,  viii,  40. 

lamp  and  regulator,  DexUr,  vi,  61. 
on    determining    the    photometric 
power  of,  etc.,  SiQiman,  1,  379. 

relation  of  light  ftom,  to  volume  con- 
sumed, SUUman,  iz,  17. 

well  in  New  York,  Wwrh,  iz,  336. 


,Oa8e8,  ftpeciflc  gravity  of.  Schmidt,  iii,  391. 
Gasparini,  G.,  obituary,  v.  124. 
JGasteropods,  sulphuric  add  of,  iz,  420. 
GausHoiu,  E.,  on  island  of  Navassa,  no- 
ticed, ii.  439. 
Oeinitz,  H.  B,,  plants  of  the  coal  forma- 
tion of  Langeac,  Haute  Loire,  1.  269. 
on  a  German  meteorite,  vi,  284. 
on  Taconic  plate  in  Germany,  iii,  409. 
Steinkohlen  Deutschlands,  eta,  no- 
ticed i,  286,  430. 

on  the  upper  Paleozoic  rocks  and 
fossils  of  8.  E.  Nebraska,  review  of. 
Meek,  iv,  170.  282,  327. 
Gems,  Feuchtwanger's  treatise  on,  no- 
ticed, iv,  296. 
GtvUh,  F.  A.,  cabinet  for  sale,  i,  141. 
chrysolite    with    chrome    iron,  in 
Penn..  i,  120. 
minendogical  contributions  v,  306. 
Geographical  distribution  of  birds,  i,  78, 
184,  337. 

notes    on    earliest   discoveries    in 

America,  Steioene,  viii,  299,  437. 

notices,  OHman.  iv,  377 ;  vii,  98, 377. 

Soc.   of  London,  Journal,  noticed, 

iv,  38L 

Geographic  andenne  et  modeme,  diction- 

naire  de,  noticed,  iv,  382. 
G^eographisohes  Jahrbuch,  1866,  noticed, 

iv,  382. 
Geography,  Great  Outline  of,  noticed,  1, 

161. 
Geological  cabinet,  OmOCe,  for  pale,  i,  1 41. 
Sketches,  by  Agastis^  noticed,  i,  407. 
Charts.  1,  426. 

Reports,  list  of  American,  iii,  116, 
399. 
GsoLOOiOAL  WOBKS,  noticed : — 
Barrande,  Pt^ropodes  Siluriens  de  la 

Boh^me.  v,  120. 
Bigaby,  Thesaurus  silurious,  vi,  436. 
BiUings,  fossils  of  Anticosti,  iii,  137,269. 

fossils  of  Canada,  i,  124. 
Buc^deg,  on  Tezas  G«oL  survey,  ii,  438. 
OcUUn,  Bocks  of  America,  1,  136. 
'  Cocchi,  central  Geology  of  Italy,  ii,  123. 
Chok,  Geology  of  New  Jersey,  vii,  112, 

279,  429. 
Dana,  geology  of  the  New  Haven  re- 
gion, etc.,  iz,  276. 
Dawson,  Acadian  geol,  new  ed.,  vi,  267. 
Deleaae,  Carte  geolo^ique  du  depart- 
ment de  la  Seine,  ii,  440 ,  iii,  136. 
Origin  of  rocks,  ii,  440. 
Revue  de  G^k^,  i,  286 ;  iv,  122; 
vi,  270. 
EdtDorde,  Oiseauz  fossiles  de  la  France, 

vii,  276. 
Egleeton,  survey  west  of  Omaha,  iii,  1 14. 
JBrdmann^  Ezpos^  des  Formations  qoa- 
temaires  de  la  Sudde,  vi,  406. 
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OsoLOoiCAL  Works  noticed: — 
Brdmanriy  map  of  Sweden,  i,  429. 
Gabb,  Paleontology  of  California,  i,  284 ; 

V,  288 ;  viii,  133. 
Gaus9oi%  Island  of  Navassa,  West  In- 
dies, ii,  439. 
Geinits,  see  Geinitz. 
Qeological  Magazine,  ii,  273. 
ffaUy  Jl,  new  Orinoidea,  iii,  409. 
Paleaster,  etc,  ill,  409. 
Paleontology  of  New  York,  iv, 
142,  273. 
Hamilton,    Report    on    Nova   Scotia 

mines,  ii,  123. 
ffayden^  Report  of  Colorado,  ix,  258. 
the    Yellowstone    and  Mis- 
souri, ix,  118. 
Rooky  Mountain  soenery,  1,  125. 
Hikhcockj  maps  in  preparation,  H  140. 
GeoL  Rep.  on  N.  Hampshire,  1,  426. 
Houghionj  Manual  of  Geology,  iv,  121. 
Bow,  Surrey  of  Noya  Sootia,  ii,  123. 
ffyaU,  fossil  cephalopoda,  v,  419. 
JfUierk,  Geology  of  Sombrero,  ii,  439. 
Kerr,  Report  on  N.  C.  survey,  iii,  284. 
^endf  And  DcM,  chart  of  Norway,  vi, 

269. 
Latham,  map  of  Wisconsin,  vii,  279. 
Lartet  and  Christy,  Reliqiiia)  aquitani 

cse,  ii,  291 ;  vii,  161,  279. 
Leaquereux,  Fucoids  iu  coal-formation, 
ii,  2(>4. 

Tertiary  plants  of  Mississippi,  iv, 
121. 
Logan,  Canada  survey,  iii,  264. 
map  and  sections  by,  i,  408. 
map  of  Caiiadii,  ix,  394. 
Maack'8  Schildkroten,  Chpe,  1,  1 36. 
Matthew,  rocks  of  3.  New  Brunswick, 

ii,  124. 
Meek,  BellerophontidEe,  ii,  126. 
crinoids,  anaL  of,  1,  136. 
geology  of  Mackenzie  river,  v,  418. 
on  fossils  of  Illinois,  eta,  and  on 
Spirifer  cuspidatus,  i,  409. 

and  Worthen,  Illinois  paleontology, 
iii.  111. 
Msneghini,  Dentex  Munsteri,  ii,  124. 
Moore,  fossils  in  mineral  veins,  1,  266. 
Mudge,  Rep.  GeoL  Kansas,  iii,  283. 
Murchiaon,  8iluria,  v,  121. 
Newberry,  Chinese  coal  fossils,  iii,  284. 

survey  of  Ohio,  ix,  400. 
Packard's  glacial  phenomena  of  Labra- 
dor and  Maine,  iv,  117. 
PampeUy,  China,  Japan,  eta,  iii,  408. 
Ramsay,  geology  of  N.  Wales,  ii,  265. 
Remand,  geology  of  N.  Mexico,  ii,  261. 
Roemer,  spider  from  coal-formation,  ii, 

123. 
Safford,  Tenn.  GeoL  Report,  i,  409 ; 
vi,  435 ;  viii,  416. 


Gbolooical  Works  notioed:— 
j     Bedford,  geoL  id^  of  TeiUL,  i,  285. 
Sek»y,  Qrnithosauria,  1,  134. 
Shumard,  Cretaoeous  of  Texas,  B,  Itl 

paleozoic  fossils,  i,  124;  ii,  118. 
Sisnumda,  anthradte  rodra  of  Alps,  S, 
409. 
chart  of  N.  W.  Italy,  iO,  115. 
Smithsonian  contribntioiiB  to  paleoa- 

tology,  iii,  363. 
SwaUow,  Rep.  G«oL  Suit.  Kansas,  m, 

283. 
Vase,  Orographic  gedogy,  ii,  123,  805i 
WhOe,  Iowa  survey  Rep.,  ifi,  284;  i?, 

121;  V,  402. 
Whitney,  Rep.  on  G«oL  of  GbUfonii, 
noticed  and  reviewed,  i,  124i,  231,351. 
WhitUeaey,  explorations  In  Minnflsnti, 

ii,440. 
WineheU,  Grand  Traverse  region,  ii,268L 
WooduHnnre  British  fossil  Crustaoea, 

iv,  116. 
Worthen,  Rep.  GeoL  IHinois,  ii,  291 ; 

iii.  1 10,  395  ;  vii,  151. 
Winkler,  Mus4e  Teyler  catalogue.  v,12]. 
Geological  survey  of  Oalifornia,  i,  428; 
vUi,  151 ;  ix,  400. 

Canada,  iii,  264;  ix,  394. 
Colorado,  iv,  284. 
Indiana,  viii,  138 ;  1,  135. 
Illinois,  ii,  291;   iii,  110,  395; 
vii.  151. 
Iowa,  ii,  272:  1,  136. 
Kansas,  iv,  32. 
Louisiana,  viii,  331. 
Nebraska,  iv,  284;  v,  268. 
New  York,  iv,  142,  273. 
Nova  Scotia,  i,  285. 
Ohio,  viii,  41 7. 

Tennessee,  Sagord,  i,  286,  409; 
vi,436;  viii,  416. 
Gbologt  and  Palbomtologt: — 
iEpyomis,  ix.  275. 
Amazon  fossils,  1,  294,  424. 
Amer.  fossiliferous  strata,  Omrod,  vii, 

358. 
Amiens  gravel,  Tylor,  vi,  302,  436. 
Andes  of  Kcuador,  Orton,  vii,  242. 
Ajrizona,  SiUimam  on,  i,  289. 
Australian  gigantic  marsupials,  i,  258. 
Aviculopecten,  Meek,  v,  64. 
**  Bad  Lands'*  of  Upper  Missouri,  Hay- 
den,  ii,  426. 
Basin  of  the  Great  Lakes,  Nen^erry, 

ix,  101. 
Batrachia  and  Reptilia,  Oope,  \  150. 
Bellinurus  Danas,  Meek,  iii,  257,  394. 
Blastoidea,  structure  of,  B£Bni^,  vii, 

363;  1,  225. 
Bone-caves,  Brazil,  Reinkardt,  vi,  264. 
Brazil,  reptilian  remains  of^  Marik,  vii, 
390. 
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Geoloot  and  Paleontology: — 
Burlington  limestone  formationfl,  ii,  95. 
Oalamiteso    and   Equisetaoesd,   Oauru- 

tkers,  vii,  279. 
California  gold-flelda,  PMUips,  vii,  134. 
new  facts  in  geology  of,  Whitney,  i, 
252. 
Gave  mammalH,  Gope,  iz,  273. 
CJephalaspis,  spedes  of,  i,  261. 
Ghma  and  Japan,  dianges  in,   Bick- 
more,  v,  209. 

coal  formation  of,  Newberry,  ii,  151. 
Japan,  etc.,  PumpeUy,  i,  145. 
CoeX  in  Nebraska,   Hay  den,   y,    198, 
326;   White,  ▼,  399. 

in  Rocky  Mts.,  Hayden,  ▼,  101. 
'*Goneinoon6,"  jrar«A,y,  218;  White, 

V,  401. 
Conn.  Riyer  sandstone,  supposed  tad- 
pole nests  in,  Sliqxtrd,  iii,  99. 
Corals  from  Neyada  Silurian,  y,  62. 
Crinoidea,  Meek  and  Worihen,  i,  124; 
viii,  23. 
Haa,  i,  261. 

Cystidea,  Blastoidea,  BiUirige,  yiii 
69;  ix,51;  1,  225. 
Crab,  oldest  known  British,  ii,  264. 
Cretaceous  coal  in  New  Mexico,  Xd- 
Cbw/e.  y,  136. 
plants  in  Nebraska,  yi,  91. 
in  N.  America,  yi,  401. 
birds  of,  iz,  205,  272. 
and  Eocene,  mixtures  of,  Conrad, 
ix,  275. 
Dakota  Cretaceous,  Hoyden,  iii,  171. 
Northeastern,  geology  of.  Hoyden, 
iii,  171. 

Mammals  of,  ix,  274. 
Dead  Sea,  Lartet,  ii,  266. 
Denudation,  subaerial,  Whitaker,  yi,268. 
Dinomis.  etc.,  in  Australia,  ix,  273. 
Dinosaur,  in  Cretaceous  of  N.  J.,  Chpe, 

ii,425. 

Discosaurus,  Leidy,  i,  139. 

Drift,  absence  of,  from  Pacific  slope  of 

Rocky  Mts.,  Brown,  1,  318. 

in  S.  W.  Iowa,  White,  iii,  301. 

Barth^s  features,  origin  of,  Iktna,  ii, 

205,  252. 
Elasmognathua  CfiU,  iii,  370. 
Elasmosaurus  platyurus,  ix,  392 ;  1, 140, 

268. 
Enaliosaur,  new,  (Jope,  yi,  263. 
Entomostraca,  Paleozoic,  yi,  265. 
Eocene,  Conrad's  group  of,  HOgard,  ii, 
68. 
new  group  in,  Conrad,  i,  96. 
Eozoon,  Carpenter,  i,  406. 
Bayaricum,  iii,  398. 
Canadense,  Dawson  and  Carpen- 
ter, yi,  245,  436. 
described  by  Dawson,  iii,  270. 


Geology  and  Paleontology: — 
Eozoon  in  Massachusetts,  ix,  75. 
Euproops,  Meek,  iu,  257,  394. 
Fish-remains  in  Western  N.  T.,  Brad- 

ley,  ii,  70. 
Fossiis  in  Califemia  auriferous  rocks, 

iii,  270. 
Grayial  from  N.  Jersey  Eocene,  Mcursh, 

1,97. 

from  China,  RickOwfen,  \  410. 
Gibraltar  cayes,  report  on,  yii,  277. 
Glacial  drift  beneath  Lake  Michigan, 

Andrewe,  iii  75;  Httgard,  iii,  241. 
Glaciers,  cause  of  descent  oC  Moaeley, 

1,  263. 
in  Green  Mts.,  Hwigerford,  y,  1. 
White  Mts..  iii  42. 
Gold-bearing  rodcs  of  California.  Blake, 

y,  264;  Brewer,  ii,  114;  y,  397. 
Horse,  tooth  of,  fh>m  Table  Mt,  Blake, 

1,  262. 
Hudson  riyer  g^up,  name  of.  Meek,  iii, 

256. 
Illinois,  new  fossils  in  coal-formation 

of,  Meek  and  Worihen,  i.  123. 
Niagara  fossils  near  Chicago,  Win- 

cheU  and  Marcy,  i,  409. 
Section  of  rocks  of,   Worthen,  iii, 

258. 
Insects,  in  N.  Scotia,  eta,  iy,  116. 
Iowa  coal  measures.  White,  y,  331. 
Kansas,  Liassic  footmarks  in,  Mudge,  i, 

174;  Swallow,  i,AQh. 
supposed  footmarks  in,  Hitchcock^ 

yii,  13-'. 
Lakes  of  North  America,  sources  of^ 

iii,  193. 

as  Chronometers,  Andrewe,  1, 

264. 
Laurentian  of  Canada,  graphite  in,  1, 

130. 
of.Noya  Scotia,  ix,  347;  1,  132; 

417. 
fossils,  Dawaon^  iy,  367. 
Lias  and  oolite  of  Australia,  Moore,  1, 

269. 
Lignites  of  the  West,  Hoyden,  y,  101, 

198. 
Louisiana,  lower,  geoL  of,  HSgard,  yii, 

77. 
Maine,  post-tertiary  fossilB  of,  ii,  426. 
Mastodon  in  California,  SiUiman,  y,378. 
remains,  Cohoes,  N.  Y.,  ii,  426; 

iii,  115. 
'*  Mauyaises  Terres"  in  Colorado,  1,  292. 
Medusae  fossils,  Haeckel  on,  ii  133. 
Megadactylus  polyzelus  of  Hitchcock, 

Cope,  ix,  390. 
Megalonyx  Jefferaoni  in  BL,  Leidy,  1, 

270. 
Michigan,  Marshall  group  of  fossils,  i, 

120. 
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ObOLOOT  and  PALKOHTOLOeT: — 

Mississippi,  Quarternary  of,  BOgetrdf  i, 

311. 
Mosasaurotd  reptiles,  ilonA,  viii,  392. 
Naiades,  shell-stnictore  of,   Whiie,  ▼, 

400. 
Nevada  fossils,  Meek  1,  422. 
New  £Dglai>d,  (Geology  of;  Hunt^  1,  88. 
New  South  Wales,  sedimentary  forma- 

tioQi,  y,  334. 
New  Toric,  fossils  in  liyingstoii  and 

Genesee  Cos.,  i,  121;  ii,  426. 
OO-weUs,  position  of,  Lesley^  i,  139. 
Ontario,  gedogj  of,  BmU,  vi,  355. 
Pacific  coast,  gold  rocks  of^  Brmeer^  ii, 

114. 
Palseotrocihis  of  Emmons,  Manhf  ▼, 

211. 
Paleoaoic  orustaoea  and  drripeds,  ii, 

272. 
fossils.  Shumard'8  list  of;  ii,  118. 
Peat-bed  underiying  drift,  Otion^  1,  54. 
Pipestone  quarry,  Haydm,  iii  15. 
Plants  of  ooalformation,  CfmniiB,  I  269. 
of  Miocene,  polar,  v,  281. 
of  Cretaceous  and  Tertiary,  N.  A., 

vi,401. 
Post-tertiary  of  Montana,  elephantine 

tooth  and  tusk  in,  i,  427. 
Primordial,  Lingula  flags,  Wales,  i,  262. 
Rocky  Mts.,  formations  cilong  east  mar- 
gins of,  Hdyden^  v,  322. 
Secondary  fossils  in  Oregon,  Blake^  iv, 

118. 
Serpent,  new  fossil,  Marshy  viii,  397. 
Silurian,  Nevada,  Whitney,  ui,  267. 
Sivatherium  in  Colorado,  Leidy^  1,  270. 
South  American  notes,  Revnond,  lii,  1 14. 
South  Carolina  phosphates,  C.  U.  Shtp- 

ar<ij  Jr.,  vii,  364. 

origin  of,  C,  U.  S?iepard,  Sr., 

vii,  338. 
Sweden,  bituminous  gneiss  and  mica 

schist  in,  Igelatrom,  v,  430. 
Syringothyris,  punctate,  Meekj  iii,  407. 
Tapir,  fossil,  in  California,  Blakej  v,  381. 
Telerpeton  Elginense,  Huxley,  iii,  406. 
Tertiary,    Mississippi    and    Alabama, 

HUgord,  iii,  29. 
N.  and  S.  Carolina,  iii,  260. 
Texas  and  Chihuahua^  KimbaU,  viii,378. 
Vermont,  geol.  notes  on.  Hunt,  vi,  222. 
western,  geoL  of.  Perry,  vii,  341. 
Yolcanic,  see  Volcano. 
Zonites,  new,  Daweon,  vi,  265. 
See  also  Drift,  Fbsaib^  Mam,  Petrolmm, 

SUme-impleTnente. 
Oeology  and  Revelation,  Mottoy,  noticed, 

I,  151,  440. 
(Geometrical  problems,  Warren^s.  iii,  284. 
Geometry,  Treatise  on  Elementary,  OhoM- 
venet,  noticed,  1,  438. 


Goometry,  Ormmma^  1,  438. 
Germination  influenoed  by  variouibodici, 

Lea,  iii,  197. 
Oenther,  volatile  adds  o^  crotoii  oil,  I, 

116. 
Gibbes,  R.  W..  obituary  oC  ii,  435. 
GObee,  L.  Romthe  oocultator,  vn,  191 
Oibbe,    W.f  ohemieal  and  pbjWBl  ib- 
stracts,  i,  111,  260,  396;  ii,  254;  ni, 
107,  246,  386;  iv,  101,  265,  416;  t, 
249,  391 ;  vi,  124,  268,  394;  fii,  \fl, 
272,  415 ;  viii,  121,  401 ;  ix,  106,  251, 
386;  1,  105,413. 
on  map  of  the  gpedlnam,  in,  1. 
on  a  method  of  volmiMtrie  ndjm, 
iv,  207. 
theory  of  atomioitiM,  iv,  209. 
precipitation  of  copper  by  nitR>-fho»> 
I^orous  add,  It,  210. 

predpitation  of  copper  and  aickd 
by  alkaJine  carbooatos,  It,  213. 

employment  of  sand  and  glas  fflien 
in  analysis,  iv,  216. 

estimation  of  mangBaeae  as  a  pyro- 
phosphate, iv,  216. 
obituary  of  Bngel,  t,  282. 
meaaarement  of  w»ve-lengdii|  t, 
298. 
uric  add,  vi,  389. 

wave-lengths  of  ipeotral  Imes,  vi, 
194. 

on  action  of  alkaline  nitrites  upon 
uric  acid  and  its  derivatives,  viii,  215. 
method  of  avoiding  obeervations  of 
temperature  and  pressure  in  gas  anal- 
yses, ix,  376. 
Sprengers  pump  in  analysis,  iz,  3*8. 
optical  notices,  J,  45. 
Gibraltar  bone-cave&  vii,  277. 
CfiU,  T.,  Elasmognathus,  iii,  370. 
new  spodes  of  tapir.  1,  141. 
Smithsonian  contribution  to  paleon- 
tology, ui,  363. 
Gilliss's  astronomical  observatioas,  iii, 

413. 
GUman,  D.  C,  geographical  notices,  rii, 

98.  377. 
Oilman,  W.  8.  Jr.,  auroras  in  Muoe,  ri. 
390. 
on  aurora  of  April,  1869.  viii,  114. 
Giraud,  J.  P.,  Jr.,  obituary  of,  1,  293. 
Gladal  dimate.  Murphy,  iz,  115. 
Gladers,  cause  of  motion  of,    Oroii  vm. 
278. 
cause  of  the  descent  of,  1,  263. 
of  Alaska.  Blake^  iv,  96. 
of  Scotland,  OroU,  1,  292. 
See  also  Drift,  Chaiogy, 
Glass,  action  of  sunlight  on,  Gafidds  iv, 
244,  316. 
crystalline  nature  of,  WdkeHXL,  i,  16. 
lead-thallium,  iii,  264. 
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Glass,  siWering  on,  Barker,  iii,  262. 

test  for  parallelism  in,  Oibbs^  1,  63. 
Glucose,  test  for,  Brawn,  iii,  260. 
Gljoerin  and  its  derivatives.  Buff,  y,  266. 
Cfiynn,  «/!,  Water  »s  applied  to  moving 

mills,  etc.,  1,  440. 
Oodwm,  Rj  repetition  in  Mialjrsis.  1,  249. 
Ooeurmvimj  C.  ^.,  diemi^trj  of  brines. 
It,  77. 

salt,  ix,  78. 
Onondaga  mineral  springs,  ii,  211, 
368. 
Gold,  crystallized  mass,  CaL,  BUtke,  i,  120. 
decrease  in  prodoction  of,  vii,  432. 
in  Rhinebeck,  N.  T.,  vii,  139. 
in  Scotland,  vii,  280. 
new  solvents  for,  Ui,  96. 
of  Montana,  L  1S6. 
of  Victoria,  Sm^  iz,  263. 
ores.  Kustel  on  Bruak^  vi,  287,  432. 
peculiar  oooarrenoe  of,  SUHman,  y, 
92. 

rocks  of  Galifomia,  i,  361;  y,  264; 
Brewer,  ii,  114 ;  y,  397. 
See  also  OaiffiMmia. 
Gk>ld-mining  districts,  Grass  valley,  StiU- 
man,  iv,  236. 

PhiUips  on,  noticed,  vi.  134. 
Goldschmidt,  H.,  obituary  of,  iii,  89. 
Good  Hope,  cape  of  astronomer  at,  1, 149. 
Gould,  A.  A.,  obituary  of,  ii,  434. 
€hmld,  B,  A.^  on  Cordova  observatory,  1, 
144. 
on  force  and  will,  iz,  277. 
on  new  variable  star,  ii,  80. 
on  solar  edipee,  viii,  434. 
on  transatlantic  longitude,  iz,  228. 
statistics  of  American  soldiers,  no- 
ticed, viii,  149. 
Graham,  T.,  obituary  of,  iz,  144. 
Grapevine,  sulphur-cure  for  diseases  of, 

Aigg,  noticed,  iz,  442. 
Graphite  in  Laiirentian  of  Canada,  1, 130. 
Graphitoidal    silicon,   crystallization  of, 

iv,  108. 
Cfray,  A.,  Address  by,  on  presentation 
of  Rumford  medal  to  Prof.  Treadwell, 
1,97. 
American  heather,  iii,  128. 
Botanical  necrology,  v,  121,  272;  vi, 
273;  vii,  140;  iz,  129. 
notabilia,  iz,  120 
notices,  1,126,410;  u,  126,  273, 
427;  iii,  125,  272,  409;  iv,  122, 
420;   y,  121,  269,  402;   vi,  270. 
408  ;  iz,  403 ;  1,  42,  274. 
obituary  of  W.  J.  Hooker,  i,  1. 
dimerous  flower  of  Cypripedium  can- 
didum,  ii,  196. 
nomenclAture  of  ICQlIer,  iii,  126. 
Shortia  galadfolia,  v,  402. 
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Greece,  prehistoric  archesology  in,  1,  261. 
Orem,  H.  A.,  fossils  of  Livinffston  and 

Genesee  cos.,  N.  T.,  i,  121 ;  ii,  426. 
locality  of  fossils  in  N.  Y.,  i,  121. 
Green  Mts.,  glacial  action  on,  UvngerfML, 

V,  1. 
Greg  on  meteors,  NBwUm,  iii,  286. 
Greville,  R  R.,  obituary  of,  ii,  277. 
Grisebacb,  cataL  plant  Cubens.,  iii,  409. 
Guanape  L,  and  its  minerals,  SJupard^ 

L  273. 
Guanidin,  synthesis  of,  iii,  1 1 0. 
Guatemala,  new  species  of  tapir,  GiU^  1, 

141. 
Guerin,  T.,  delivery  from  conduit  pipe,  v, 

191. 
Gulf-stream  fauna,  Powrtdka,  vi,  409, 413. 
on  the,  etc.,  PeUrmanny  nitticed, 

1,  296. 

soundings,  iii,  69;  vii,  379. 
Guwiid,  Eozoou  Biivaricum,  iii,  398. 
GuD-cotton,  Ahd,  iv,  288. 
Gunther*s  record  of  zoological  literature, 

noticed,  i,  287. 
Guyot*s  geographies,  v,  287. 
Gyncecological  Society,  Boston,  vii,  288. 


Hsematoidin,  Holm  on,  vi,  233. 
Hagemann^  G.,  analysis  of  pachnolite,  i, 
119. 
crystallized  cryolite,  ii,  268. 
Greenland  minerals,  ii,  93. 
Ivigtite,  vii,  133. 
ffaidingeTy  W,  /?.,  meteor  of  Knyahinga, 
iv,  131. 

on  meteorites,  viii.  280. 
Hail  in  China,  WiUiams,  iii,  281. 
HuU-storm  of  June  20,  1869,  Hovey^  1, 

403. 
Hull,  K^  Flora  of  Eastern  Kansas,  1,  29. 
HaM,  Asap?^  on  secular  perturbation  of 

planets,  1,  370. 
HoU,  J.f  convoluted  plate  in  crinoids,  i, 
261. 

geological  map  of  U.  States,  by,  vi, 
140. 
notes  on  geol  of  Minnesota,  iv,  144. 
on  new  Crinoidea,  iii,  409 
on  Paleaster,  iii,  409. 
paleontology  of  N.  Y.,  by,  noticed, 
iv,  142,  273;  vi,  262. 

shells  of  the  Upper  Helderberg,  no- 
ticed, iz,  276. 
Halliday,  A.  H.,  obituary 
Hamilton,  W.  R.,  biogra] 
elements  of  qual 
438. 
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136. 
Hand,  morphology  of,  WUdtr^  iv,  44. 
HHnaen  on  moon's  oonstitutioii,  Newcomlbf 

vi,  376. 

Harcourty  exercises  in  chemistry,  iz,  141. 
Harris,  T.  W.,  entomological  oonrespon- 

dence  of,  noticed,  viii,  148. 
Harriacn^  J.  P.,  heat  to  moon  from  sun, 

i,  277. 
Harvey,  W.  H.,  obituary  of;  ii,  129,  273. 
Hassall  on  urine,  noiioed«  i,  422. 
Haug,  ff.f  electro-motiye  force,  and  re> 
sistance  of  gahranic  circuit,  ii,  381;  iii, 
43. 
Hawaii,  eruptionfl  in,  (7oan,  iii,  264 ;  yi, 

106;  yii,  89;  iz,  393. 
Hawley^  C.  E.,  mines  of  Alroaden,  Spain, 
V,  9. 

quidcsiWer  mines  of  Santa  Barbara, 

Peru,  V,  6. 

Hoyden,  F,  F.,  Dakota  geology,  iii,  16, 

171. 

formations  of  east  margins  of  rocky 
mountains,  ▼,  322. 
geology  of  Kansas,  iv,  32. 
geological  survey  of  Colorado,  etc., 
iz,  268. 
lignite  deposits  of  the  West,  v,  198. 
report  on  the  Yellowstone  and  Mis- 
souri, noticed,  iz,  118. 
Rocky  Mt  coal  beds,  ▼,  101. 
Sun-pictures  of  Rocky  Mt  Scenery, 
1,  126. 

tour  through  '*  Bad  Lands,"  noticed, 
u,  425. 
workable  coal  in  Nebraska,  ▼,  326. 
Sayea,  A.  A.,  color  of  water  of  Lake 

Leman,  iz,  186. 
Hayes,  B.,  obituary  of,  iv,  189. 
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action  of,  on  crystals,  VesCklizeauXf 
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dew  formed  by,  iii,  246. 
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of,  over  the  earth,  Chase,  iv,  68. 
emission  and  absorption  of,  Magntta, 
iz,  106. 

flame,  use  of,  in  laboratory,  Smithf 
1,  341. 
low,  emission,   absorption  and  re-i 
ezion  of,  Magnus,  1,  105. 
mechanical  theory  of,  with  its  appli- 
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of  combination  of  boron  and  silicon 
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of  friction,  Oooke,  I  116. 
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Magnus,  iz,  107. 
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Hs&r,  Miocene  polar  flora^  ▼,  28L 
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,  on  formula  of  urea,  vi,  237. 
recovery  of  uranium,  1,  113. 
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Henf^y*s  Elementary  Botany,  noticed,  1, 

429. 
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iz,  402. 
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southern  states,  ii,  343. 
Quaternary  of  Mississippi,  i,  311. 
geology  of  Louisianas  vii,  77. 
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processes  in  luminous  flames,  vii,  218. 
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Hilgard,  J.  R,  longitude  measured  bj 
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HiU,  T.,  on  the  oocultator,  vi,  299. 
HiUdyrand,  FT.,  eruption  in  Hawaii,  vi, 

116. 
Hind,  H,  Z,  LaurenUan  in  Kova  Scotia, 

iz,  347. 
Hines,  C.  F.,  on  meteors  during  edipse, 

viii,  436. 

Utiles,  H.  K,,  ascent  of  Mt  Hood,  iii,  416. 
Hinrichs,  O.,  physical  absftracts,  ii,  268, 
417  ;  iii,  262,  390 ;  iv,  110. 
spectral  lines  by,  ii,  360. 
answers  to  charges  of,  Doma,  v,  102. 
atom-mechaaios,  Fkck,  vi,  258. 
Hitchcock,  a  H,  N.  A.  geoL  atlas  by,  vi, 
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supposed  fosdl  footmarks  in  Eanstf, 
vii,  132. 
GeoL  Rep.  on  N.  Hampshire,  1,  425. 
Hoffmann,   C.  F.,  Hetch-hetchy  valley, 

vi,  266. 
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Hofmaam,  A,  W.,  on  utilizing  secondary 
products  of  chloral  manufHCiure,  1, 109. 
Holm^  on  hsmatoidin,  yi,  233. 

supra-renal  glands,  yi,  236. 
Honeyman^  Lau>-entian  of  N.  Sootia,  417. 
Hood,  Mt.  in  Oregon,  ascent  of.  it,  429. 
Hooker^  J.  />..  Flora  of  British  Island,  1, 

281. 

Hooker,  W.  J.,  obituary  of,  i,  1. 

Synopsis  Filicum,  vii,  143. 

Hoopes  on  evergreens,  noticed,  vi,  270. 

Homes,  M.,  obituary  of,  vii,  2^4. 

Bough,   G.  W.,  automatic  printing  baro- 

meter,  i,  43. 

galvanic  battery,  viii,  182. 

Hovey^  H.  6'.,  hail  storm  in  Mass.,  1,  403. 

How^  B.y  analyses  of  shells  i,  379. 

siliooborocalcite    and    natroborocal 
cite,  V,  117. 
ffuggina^  W.,  on  heat  of  stars,  viii,  286 ; 
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spectrum  of  new  star,  ii,  389. 
Human  remainf*,  see  Man. 
Humboldt,  life  of  Stevens^  ix,  1. 
Bwigerfordy  Ky  evidences  of  glacial  ac- 
tion on  Green  Mts.,  v,  1. 
Sunt  T,  S.,  lime  and  magnesia  salts,  ii, 
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objects  and  method  of  mineralogy, 
ill,  203. 

metallurgical  method  of  Whelpley 
and  Storer.  iii,  305. 

geology  of  Vermont,  vi,  222. 
Ontario,  vi,  365. 
of  E.  New  England,  1,  83. 
Laurentian  rocks  in  Mass.,  ix,  75. 
chemistry  of  copper,  ix,  153. 
on  norite,  ix,  180. 

lubradorite  rocks  at  Marblehead,  ix, 
398. 
seat  of  volcanic  action,  1,  21. 
Laurentian  of  Nova  Scotia,  1,  132. 
HurUnU,  S,  A.,  earthquake  at  Bogota,  1, 

408. 
Hurricane,  Bahamas.   1866,  Rec^idd  on, 

vii,  116. 
Etudey,  T.  H.,  Address  of,  to  the  British 
Association.  1.  :{83. 
Telerpeton  Blginense,  iii,  406. 
ByaU,  A.y  Fossil  Cephalopods,  noticed, 
yi,  150. 
on  Polyzoa,  noticed,  vi,  150. 
parallelism  between   the  stages  of 
life  in  the  tetrabranchiates,  iv,  124. 
Hydradd^i,  action  of,  upon  ethers,  Gal^ 

iv,  103. 
Hydrocarbons.  Berthsloi,  iv,  266,  418. 
boiling  point,  etc.,  of,  vii,  424. 
distillation  of,  Peekhamj  vii,  9. 
from  animal  fats,  iii.  260. 
new,  SchorlemmeTf  iii,  108. 
of  Pennsylyaaia  pNStroleum,  v,  262. 


Hydrocarbons,  synthesis  of,  Bertheloif  iii, 

96,  251,  386,  389. 
Hydrofluoric  acid,  preparation  of,  ii,  110. 
Hydrogen  and  palladium,  Grahamt  on, 
vii,  417. 

nascent,  tests  for,  ix,  266,  267. 

pen>ulphid  of,  Bofmimny  yi,  396. 

saturation  with,  Berthelot,  vi,  126, 
395. 
Hydrogenium-amalgam,  Loew,  1,  99. 

observations  on,  viii,  405. 
Hydroxylamine,  Louen,  i,  261. 

synthesis  of,  LosaeUj  ix,  264. 
Hypononce  Sarsii,  S.  Loving  viii,  429. 
Hyposulphites,  new  test  for,  jLeo,  iv,  222. 


Ice,  artificial,  viii,  440. 

Iceland,  revision  of  flora  of,  Babingion, 

noticed.  1,  277. 
Igdatroniy  L,  /.,  bituminous  g^eiis   in 

Sweden,  v,  38. 
Illinois,  geol  survey  of,  noticed,  ii,  291. 
Megalonyx  JefTersotii  in,  Leidtg^  \ 
270. 
Illuminating  power  of  gas  mixed  wiHi 
atmospheric  air,  SiUiman  and  IVWrfs, 
viii,  40. 
Indian  summer,  WiUety  iv,  340. 
Indiana,  geol.  survey  of,  Cbx,  viii,  138 ; 

L  135. 
Indium,  iv,  110. 

Insects,  Packard^s  guide  to  the  study  ofj 
noticed,  ix.  285. 

Paleozoic,  in  Nova  Scotia  and  New 
Brunxwiok,  Dawson,  iv,  116. 
lodhydric  add,  iii,  109. 

prepar^^on  of,  viii,  411. 
lodid  of  silver,  light  on,  Lea,  ii,  198. 
Iodine,  detection  of,  Lea^  it  109. 
in  lead  disease,  etc.,  i,  110. 
Iowa,  geology  of.  Whiter  iv,  23. 

geol.  survey  of,  ii,  272;  1,  136. 
Iron,  cast,  permeable  to  gases,  v,  892. 
magnetic  oxyd  ofj  Chester,  Mass..  il, 
93. 
native  hydrates  of,  Bru^.  iy,  219. 
ore,  specular,  JBIoike,  iii,  126. 
properties  of  precipitated,  LenM,  1, 
110. 
separation  of  seaqnioxyd  o(  ii,  78. 
specific  magnetism  of,  C^ose,  v,  247. 
Irons,  meteoric,  sf>e  Meteorie, 
Isamberty  dissociation  of  ammoniacal  oom- 

poundf),  ix,  S87. 
Isomensm,  Bertheht,  ii,  267. 
Isomorphism  of  leucite  and  other  feld- 
spars, DanOy  iv,  406. 
Itacolomtte,  WoUienB,  iv,  61. 
Ivory,  artifldal,  i,  427. 


460 


INDEX,  VOLa   XLI — L. 


Jwtkwoy  C,  7!,  Ck>lorado  metorite,  iii,  280. 
and  J,    C.,  analyves  of    mineralB, 
Chester,  Mas^.,  ii,  107,  421. 
Japanese  allojs,  PumpeUffj  ii,  43. 
Jmkin^  F.^  electriflohtion  of  an  island,  L 

148. 
Johnaon^  8.    FT.,  assimilatioD  of  nitrog- 
enoua  bodies  bj  vegetation,  i,  27. 
edition  of  Freaenius,  ix,  255. 
Eliot   and    Storer*B  Chemistrj,   iii, 
420 ;  vi,  130. 

How  crops  g^w,  bj,  noticed,  vi, 
436;  vii,  147. 
How  crops  feed,  by,  noticed,  iz,  403. 
kaolinite  and  pholerite,  iii,  351,  405. 
nitrification,  vii,  234. 
on  estimation  of  carbonic  add,  viii, 
111 
on  Peat,  noticed,  ii,  439. 
terpin,  iii,  200. 
J(0fM8^  J.  if.,  on  Nat  Hist,  of  Bermudas, 

Coralliaria,  viii,  143. 
Jone8<f  T.  J?.,  Foraminifera  of  oceans,  no- 
ticed, i,  287. 
JukeR,  J.  Beete,  obituary  of,  viii,  296. 
Julien's  geology  of  Sombrero,  ii,  439. 


Kaemtz,  head  of  Russiau  observatory,  ii, 

286. 
Kansas,  Eastern,  Flora  of,  EaU,  1,  29. 
footprints  in  rocks  of,  i,  174. 
geology  of,  Hayden^  iv,  32. 
Natural  History  Soc.,  1,  435. 
notes  on  geology  of,  SwaUow^  i,  405. 
Kearsarge  Mt,  altitude  of,  ^astman^  viii, 

439. 
Kekuti,  A.,  Professor,  iv,  137. 

existence  of  chem.  atoms,  iv,  270. 
Kellogg  mines,  Ark.,  Smithy  iii,  67. 
Kengutt*8  Minerale  der  Schwelz.  ii,  125. 
Kennicott,  R.,  in  Russian  America,  i,  139. 

obituary  of,  ii,  435. 
Kent's  cavern  explorations,  iii,  372. 
Kentucky,  petroleum  in,  Sajff&rd,  ii,  104. 
Kerr's  survey  of  N.  Carolina,  noticed,  iii, 

284. 
KimhaUy  J.  P.,  on  geology  of  Texas  and 
Chihuahua,  viii,  378. 

Silver  mines  of  Chihuahua,  ix,  161. 
JTtny,  C,  fossils  collected  by  geol.  survey 

under,  1,  422. 
King^  on  Eozoon,  iv,  375. 
Kingaley,  J.  L.,  on  Weston  meteor,  vii,  1. 
Kinnan,  G.,  Tent  life  in  Siberia,  noticed 

1,  439. 
Kingston^    G.  T,,  on  aurora  at  Toronto, 
viii,  66. 
meteoric  astronomy,  noitoed,  iv,  428. 


Kirkuroodj  2>.,  comets  of  1812  and  1646, 

viii,  255. 

meteor  of  July,  1867,  iv,  288. 

meteorite  of  July,  1846,  i,  347. 

periods  of  meteoric  rings,  ix,  429. 

Kirkwood,  J.  P.,  on  filtration  of  riTer- 

waters  for  city  supply,  viii,  446. 
Knappy  theory  of  Bunsen  fiame,  1,  255. 
Knop.  A.y  kaolinite.  iii,  405. 
Knowltany     W.    Jl,    new  mineral  from 

Rockport,  Mass.,  iv,  224. 
Koek^  on  system  in  botany,  ii,  132. 
Kohlrausehy  /I,  on  infiuence  of  tempera- 
ture on  elasticity,  I,  350. 
Kokscharow's  Mineralogie  Russlands,  no- 
ticed, I  286;  ii,  125;  v,  121. 
KolUker's  Icones  Histiologicse,  ii,  283. 
on  polymorphism  of  Anthocoa,  and 
structure  of  Tubiporse,  vi,  273. 

Alcyonaris.  etc.,  noticed,  1, 430. 
KaachkuU,  F.  v.,  on  the  Caucasua  vi  21i 

335. 

Kotschy,  T.,  obituary  of,  v,  124. 
Kramer^  on  secondary  chloral  prodacts,  I 

109. 
Krantz's  catnlogue,  noticed,  vi,  287. 

Ssemann's  minerals  boui^ht  by,  ii,433. 
Kundt^  A.^  tones  in  organ  pipes,  iii,  252. 

velocity  of  sound,  ii,  258 
JTtirr,  J,   (7.,  Mineralogy  of,  noticed,  ix, 

119. 

Kustel  on  orei>.  noticed,  BnuK  vi,  287, 
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on  gold  and  silver  ores,  noticed,  l,29h. 


Laboratory,  The,  noticed,  iv,  144;  v,  117. 
Labradorite  or  noiito  rock,  HwiU^  ix,  ISO, 

398. 
Lotdd^  W.,  dynamo-magnetic  machine,  v, 

115. 
Ladeiibwrg.  on  silico-propionic  acid,  1, 416. 
Lake,  borax,  of  Califoi  nia,  i,  255. 
Lake-depressions,  ori^n  of,  Lesley,  i.  141. 
Lakes,  great  American,  fiow  of,  vii,  145. 
of  N.  A.  as  chronometers,  noticed, 

AndrewSj  1,  264. 
of  N.  A.,  sources  of,  Shu/ddt,  iii,  193. 
Lalande  prize,  awarded  to  Watson,  1,  293. 
Land  of  the  globe,  maps  of  northern- 
most, noticed,  iv,  383. 
Land-slide.  Perkins,  ix,  158. 
Lane^  J.  J7.,  theoretical  temp,  of  Sun,  1, 

57. 

Lang's  Astron.  tables,  noticed,  vi,  275. 
Laphcm^  destruction  of  forest-trees,  iv, 

424. 
geol.  map  of  Wisconsin,  vii,  279. 
Lartet's  Archaeology  of  Southern  France, 
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formation  of  Dead  Sea,  ii,  266. 
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and   Chriatyy  Reliqui»  Aquitanicas, 
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1.  426. 

rocks  in  Mass.,  ix,  75.  ' 

LHurite,  with  the  platinum  of  Oregon, 

viil  441. 

Lavol'ier,  publication  of  works  of,  i,  105. 
Lawrence  Scientific  School.  Laboratory 
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Guanapite,  1,  213;  OuaDoialite,  I, 
213. 

Hagemannite,  ii,  246;  Hallnyaite,  ii, 
402;  Hercynite,  Tiii,  366;  Heteche)- 
ite,  1,  312;  Hessite,  t,  309;  Horn- 
blende, ii,  211;  Hnrtonolite,  Till, 
111;  HUbnerite,  iii,  133,  13&. 

Iviglite,  Ti,  400;  Til,  133. 

jHmesoDiie,  t,  36;  Jefferiate,  i,  241. 

Eoolinite,  ill,  361,  406;  Eerargyrile, 
iii,  124. 

Lsurite,  ii,  422;  ^i,  441;  Lazmum- 
Ite,  1,  310  Lavroffita,  L  213;  Lsd- 
ereriie,  iv,  363;  Iiepidomelane,  U^ 
223;    U'Bleyite.   Tii,  319;    Tiii,  264; 
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Minerals  : — 

Margarite,  ii,  90,  107;  iv,  283;  Me- 
linophaoe  iv,  405;  Melonite,  t, 
313;  Micas,  iv,  403:  ix,  272,  401: 
Microlite  ?,  1,  93,  95 ;  Monazite,  ii, 
420;  Montanite,  v,  317,  318;  Mo- 
ronolite,  i,  212. 

Nacrite,  iii.  67,  351;  Namaqualite,  I 
271;  Native  lead,  i,  254;  Natrobo- 
rocaldte,  y,  120. 

CBUacherite,  iv,  256;  Opal  pseudo- 
morph,  1,  37;  Ouvarovite,  ii,  268; 
Ozammite,  L  274. 

Pachnolite,  i,  1 19 ;  ii,  93 ;  iii,  271 ;  Pa- 
racolumbite,  ii,  269;  Partzite,  iii, 
362;  iv,  119;  Pattersonite,  vii,  320 ; 
Pencatite,  iz,  402;  PetaUte,  iv,  405; 
Petzite,  V,  3o9;  Pholerite,  iii,  351, 
405;  Pbosphammite,  1,  274;  Phos- 
phorchromite,  1,  271 ;  Predazzite,  ix, 
402 ;  Proustite,  iii,  124. 

Rahtite,  i,  209;  Bedondite,  1,  96;  Hu- 
tile,  u,  422. 

Samarekite,  ix,  402;  Scapolite,  iv, 
403;  Scheeletibe,  i,  215;  Selagite, 
(a  rock)  ix.  401:  Sellaite,  I,  273; 
Selwynite,  1,  272;  Serpentine,  ii, 
272;  Silicoborocalcite,  v,  117;  Silli- 
manite,  ii,  272;  Spinel,  ii,  271 ;  Spo- 
dumene,  ii,  248;  Steinmark,  iii,  351 ; 
Struvite,  1,  272. 

TalcoBite,  1,  272;  Taltalite,  ui,  407; 
I  antalum,  ix,  402 ;  Taylorite,  1,  274 ; 
TeUurium,  v.  a06,  313;  Tennantite, 
iii,  67 ;  Tephroite,  vi,  231 ;  Tetrady- 
mite,  V,  3U6,  316;  Tetrahedrite,  iii, 
67,  125;  V.  37,  320;  Turgite,  iv, 
219;  Turnerite,  ii,  420. 

Uwarowite,  i,  21 6. 

Vaiiadi(»lite,  1,  271;  Vermiculite,  1,  96. 

Wavellite,  ix,  402;  Wamerite,  iv,  403 ; 
Whitneyite,  v,  305;  Willemite,  vi, 
230;  Wilsonite,  V,  47;  Wolframite, 
1,  271;  Wollangongite,  viii,  85; 
Wulfenite,  iii,  125. 
Isomorphism  of  gadolinite,  datolite 

and  euclase,  ix,  400. 

from  N.  Jersey,  Boepper,  1,  35. 
of  Elba,  ix,  402. 
of  Mr.  Schoolcraft,  for  sale,  viii,  442. 
paragenesie  of,  Rcttss^  ii,  271. 
Seemann's  collection  of,  ii,  433,  435. 
Stone  implements  of,  ii,  272. 
Miueralogieal  contributions,  Shepardy  \ 

90 ;  V,  R(Uh,  1,  270. 

nomenclature,  Dana^  iv,  145,  436. 
curiosities  of  Paris  Expositien,  EUxke^ 

V,  194. 
Mineralogy,  Adam's  Tableau  of,  ix,  119. 
Duma's,  5th  ed.,  vi,  132. 
Kurr's,  noticed,  ix,  119. 
objects  and  method  of,  HurU^  iii,  203. 


Mineralogy  of  Nova  Scotia,  No.  I,  Mctr^ 

iv,  462. 
Mining,  Phillips  on,  SUUman,  vi,  134. 

Kustel  on,  Brushy  vi,  432. 
Miqtiers  Prolusis  Florse  Japouicee,  v,  403. 
Mississippi  valley,  J.  W.  Foster  on,  no- 
ticed, viii,  150. 
MitcheU,  H.,  Gulf-stream  soundings,  iii,  69. 
Mitchell,  W.,  obituary  of,  vii,  434. 

on  assaying,  new  edition,  vi  434. 
Mixter,  W.  G.^  willemite  and  tephroite, 

vi,  230. 
Molecular  Mechanics,  Bayma  on,  vi,  167. 
Physics,  Norton,  i,  61,  196;  vi,  167. 
Molecules,  size  of,  Thomson^  1,  258. 
MoUoy,  G.,  Geology  and  Revelation  by, 

noticed,  1,  151,  440. 
MoUusca  classified  on  basis  of  cephali- 

zation,  Morse^  ii,  19. 
Molybdenum,  mode  of  obtaining,  vi,  131. 
Molybdic  and  phosphoric  acids  combined, 

vi,  397. 

Monochromatic  flame,  Niekles,  iii,  92,  93. 
Montana,  yield  of  mines  of,  i,  125. 

elephantine  tooth  and  tusk  in,  i,  427. 
Monthly  means,  on  correcting,  De  Foreai, 

ii,  154,  289. 
Moon,  constitution  of,  Hansen  on,  NeW" 
eomb^  vi,  376. 

crater  Linne,  iv,  130. 
crater  of,  obscured,  ^V^  iii,  411. 
inequalities  in  mean  motion  of,  Kew- 
eomb,  1,  183. 

radiation  of,  ix,  433. 

of  heat  fi  om,  Rossey  viii,  436. 
Moore,  fossils  in  minerial  veins,  1,  265. 

Lias  and  oolite  of  Austnilia,  1,  269. 
Morphology  of  human  hand,   H^iider,  iv, 

U. 
Morse^  E.  S.^  classification  of  molIu»<ca,  ii, 
19. 

on  Brachiopods,  ix,  103. 
Brachiopoda,  a  division  of  the  Anne- 
lida,  1,  100. 
Mosdey,  Henry ^  cause  of  descent  of  gla- 
ciers, 1,  263. 
Mossman,  S.,  Origin  of  Seasons  by,  viii, 

150. 
Mound,  st'pulchra],  in  Ohio,  Marsh,  ii,  1. 
Mount  Hood,  asoents  of.  Brewer,  ii,  472; 

Hines,  iii,  416. 
Mudge,  B.  F.,  footmarks  in  Kansas,  i,  174. 
Kan^'as  geol.  Report,  iii,  283. 
meteorites,  vi,  429. 
Muir,  T.,  thermal  units,  1,  149. 
Mulder,  G.  J.,  Die  Chemie  der  Austrock- 

enden  Oele.  etc,  noticed,  iv,  438. 
Muiler,  F.,  botanical  workH  by,  i,  415, 416. 
MuUer,  «A,  anthers,  iii,  126. 

on  nomenclature  of,  Gray,  iii,  126. 
Murchtson,  R.  /,  extracts  from  address 
to  Boy.  G^eog.  Sec,  ▼,  14. 
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Murchiaon,  B.  I.,  Siluria  by,  noUoed,  t/ 
121. 

Murphy f  J.  J.^  cause  of  glacial  dimate,  Ix, 
115. 

Murrajf  A.,  geographical  diatribution  of 
mammals,  noticed^  iii,  410. 

Muscular  power,  FYarMand^  ii,  393. 
force,  source  of,  DotigUu^  v,  110. 

Musee  Teyler,  Catalogue  of,  noticed,  i, 
287;  ill,  284. 

Mu<teum  of  Comparative  Zoology,  Bulle- 
tin of,  noticed,  viii,  451. 

report  noticed,  iv,  141. 

Mushrooms,  esculeat,  Owrtis  on,  11,  129. 

Music  harmony  in,  PooU^  iv,  1. 

Musical  ratios,  PooU^  ▼,  289. 


N 


Naphtha  firom  Cah'fomla  tar,  iii,  242. 
Baiigoon  petroleum,  iii,  251. 
Naphthalm,  Vohl's  test  for,  vi,  130. 
Narcotme,   and  its  decomposition   pro- 
ducts, I  256. 
National  Academy  of  Sciences,  i,  423 ;  ii, 

287,  431. 
Nature,  a  new  weekly,  viii,  462;  iz,  287. 
Natural  Selection,  Wallace  on,  noticed,  1, 

142. 
Naturaliste  Canadian,  noticed,  vii,  296. 
Naval  Observatory,  Beport  on  the  Eclipse, 

ix,  134. 
Navassa,  Oaussoin  on,  noticed,  ii,  439. 
Nebraska,  geoL  survey  of,  iv,  284. 
Negro  instruments,  Innes^  i,  140. 
Neumann's  apparatus  for  determining  ve- 
locity of  sound,  ii,  417. 
Neurine,  v,  258. 

Neutral  point,  Brewster's,   Chaae^  iv,  70. 
Newberry^  J.  <S.,  China  coal  formation,  ii, 
151. 
extinct  N.  A.  floras,  vi,  401. 
Greol.  of  basin  of  great  Lakes,  ix, 
111. 
old  water  courses,  ix,  267. 
on  Chinese  coal  fossils,  iii,  284. 
on  Ohio  geoL  survey,  ix,  400. 
on  the  oil  region  of  Indian  creek, 
etc.,  Ky.,  i,  284 
Neweonib,  S.^  Hansen  on  the  Moon's  con- 
stitution, vi,  376. 

inequalities  in  Moon's  mean  motion, 
1.  183. 

mode  of  observing  transits  of  Ye 
nu8,  1,  74. 

on  observation  of  corona,  etc.,  dur- 
ing a  total  eclipse,  vii,  413. 
New  England,  eastern,  geol.  of,  HwUf  1, 

83. 

Netoton^  If.  A.J   Astronomical  abstracts, 
iv,  127,  287,  426. 

Hamilton's  Quaternions,  ii,  438. 


Newton^  H.  A.,  recent  oontributioofl  t» 
astro-meteorologr,  iii,  285. 

Shooting  Stars,  i,  58,  192,  273;  fi, 
429;  iii,  78,  276;  iv,  426;  ▼,  76,  2S5; 
vU,  118,  399;  ix,  244. 

Watson's  Astronomy,  vi,  145. 
recent  auroras.  1,  146. 
New  York,  notice  of  paleont(4ogy  of,  bj 
Hall,  iv,  142.  275. 
Begents  of  Univ.,  20th  Bep.,  vi,  262. 
Ifkhobj  W.  R,y  chromites  of  magnesiiim, 

vii,  16. 
Nickel  and  cobalt,  separatioD  of,  ii,  254 
manufacture,  products  <^,  ix,  365. 
nitrite  of,  Brdmaim,  iii,  248. 
^teU^,  J.y  bibUography,  iii  99. 

correspondence  of,  i,  103;  ni,  89; 
iv,  66. 

obituarv  of  vii,  434. 
NUeSj   W.  J7.,  Buriington  limestone  fn^ 

mations,  ii,  96. 
Niobium  and  its  compounds,  i.  111,  397 ; 

V,  393,  396. 
Nitrification,  Johnaan,  vii,  234. 
Nitrites,  monatomic,  iii,  388. 

of  cobalt  and  nidcel,  iii,  :2I8. 
Nitrogen  in  peat,   SchulizensteiH  on,  ii, 
132. 
pentoxyd  of,  preparation  of,  1,  112. 
Nitroglucose,  Leo^  v,  381. 
Nitroprussids,  formation  o(^  viii,  406. 
Nobert's  test-plate.  Woodward,  vi,  352. 
nineteen  band,  viii,  169. 
review  of  Stodder  on,  jStfOmmi, 
vi,  347. 

Nodal  figures  in  organ-pipes,  iii,  252. 
Nomenclature,  Mineralogies!,  Dana,  iv, 

145,  436. 
Norite,  Hunt,  ix,  180,  398. 
North   Polar  expedition,  Swedish,  viii, 

227. 

Norton^   W,  A.,  Astronomy  noticed,  iv, 
295. 
corona  in  »olar  eclipses,  1,  250. 
molecular  physics,   i,  61,    196;  vi, 
167 ;  ix,  24 
Norwood,  U.  S.,  Mammoth  Cave  of  Ken- 
tucky, noticed,  1,  439. 
Nova  Scotia  Institute,  Proceedings  of,  i, 
144 
Laurentian  rocks  of.  1, 132. 
mines  and  minerals  of,  ii,  123. 
Novara,  Beports  on  expedition  of,  i,  430. 
N agent's  optics,  noticed,  vi,  436. 


Obituart — 
Amott,  G.  A.  W.,  vi,  273 ;  vii,  14a. 
Bache,  A.  D.,  iii,  282. 
Berg,  0.,  v,  124 
Blunt,  E.,  ii,  433. 
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Obituaby — 

Brande,  W.  T.,  i,  42& 

Brewster,  D ,  Vf  284 

Bridges,  T.,  i,  266. 

Burkhardt,  J.,  iii,  283. 

Gassin,  J.,  yii,  291. 

CJotting,  J.  R.,  V,  141. 

Cuming,  H.,  i,  266. 

Dana,  S.  L.,  y,  424. 

Daubeny,  C.  v,  124,  272. 

Day,  Jeremiah,  iv,  291. 

Delessert,  F.,  vii,  140. 

Dewey,  C,  v,  122. 

Encke,  J  F.,  iii,  10. 

Engel,  C.  G.  F.,  v,  282. 

Erdmann,  A.  J.,  iz,  144. 

Erdmann,  0.  L.,  iz,  144. 

Falconer,  H.,  i,  264. 

Faraday,  M,  iv,  293;  v,  146;  vi, 

180. 
Featherstonhaugh,  G.  W.,  iii,  136. 
Forbes,  J.  D ,  vii,  294. 
Forchhammer,  i,  284. 
Gasparini,  y,  124. 
Gibbes,  R.  W.,  ii,  436. 
Giraud,  J.  P.,  Jr.,  1,  293. 
Goldschmidt,  H.,  iii,  89. 
Gould,  A.  A ,  ii,  434. 
Graham,  T.,  iz,  144. 
GreviUe,  R.  K.,  u,  277. 
HaUiday,  A.  H.,  1,  294. 
Hamilton,  W.  R.,  il  293. 
Harvey,  W.  H.,  ii,  129,  273. 
Hayes,  Esekiel,  iv,  139. 
Hooker,  W.  J.,  i,  I,  266. 
Homes,  M.,  vii,  294. 
Jones,  G.,  ix,  284. 
Junghuhn,  F.  W.,  i,  263. 
Jukes,  J.  B..  viii,  296. 
Kennioott  R..  ii,  436. 
Kotschy,  T.,  v,  124. 
Kriiger,  H.,  i,  263. 
LerebouiUet,  D.  A.,  i,  110. 
Lessing.  G.  F.,  i,  263. 
Lindley,  J.,  i,  265. 
Magnus,  6.,  ix,  442. 
Mandon,  G.,  v,  124. 
Mann,  H.,  vii,  143. 
Maxners  R.  H.,  1,  160. 
V.  Martins,  C.  F.  P.,  vii,  288. 
Matteuoci,  vi,  285. 
Mattheissen  A.,  1,  437. 
Mettenius,  G.  H,  v,  123. 
Miller,  W.  A.,  1,  437. 
Mitchell,  W.,  vii,  434. 
Montague,  J.  F.  C,  i,  267. 
Nickl^,  J.,  vii,  434. 
Page,  C.  G.,  vi,  149.;  viii,  1. 
Paxton,  J.,  i,  264. 
Peabody,  G.,  viii,  441. 
Pedersen,  J.,  1,  436. 
Pelouze,  T.  J.,  iv,  137. 
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Obituaht — 

Pickett,  E.  J.,  iv,  292. 

Pliicker,  J.,  vi,  149. 

Poeppig,  B.,^vii,  142. 

Porter.  J.  A.,  ii,  290. 

Reeve,  L.,  i,  283. 

Richardson,  J.,  i,  266. 

Riddell,  J.  L.,  i,  141,  267. 

Rogers,  H.  D.,  ii,  136. 

Rosing,  A.,  vi,  148.J 

Rosse,  Lord,  v,  142. 

Sadmaim,  L.,  ii,  436. 

Sars,  iz,  144. 

Sartwell,  H.  P.,  v,  121. 

Schacht,  H.,  i,  264. 

Scheele,  A.,  i,  264. 

Schlechtendal,  D.  F.  L.,  v,  124. 

Schomburgh,  R.  H.,  i,  264. 

Schott,  H.,  i,  264. 

Schultz,  C.  H.,  V,  272. 

Shumard,  B.  F.,  viii,  294. 

Silbermann,  J.  F.,  i,  103. 

Strong,  T.,  vii,  293. 

Sturm,  J.  W.,  i  264. 

Treviranus,  L.  C,  i,  264. 

Turczaninow,  N.,  i,  263. 

Uhler,  W.  M.,  i.  429. 

Unger,  F.,  ix,  410. 

Ward,  N.  B.,  vi,  278;  vii,  141. 

Whewell,  W.,  i,  428. 
Observatory  of  Chicago,  i,  140. 
Ocean  currenta  OroU^  1,  118. 

life  in  depths  of,  vi,  409,  413 ;  viii, 

451;  ix,  129,416. 
on  the  currents  of^  iz,  413. 
temperature  of,  at  depths,  iz,  410. 
Occultator,  Gibbes.  vii,  191. 

description  of.  Hill  vi,  299. 
Ohio.  geol.  survey  of,  viii,  417. 

peat-bed  underlying  drift  in,  1,  64. 
sepulchral  mound  in,  Marsk,  11,  1. 
Oil,  drying  of,  Mulder,  iv,  428. 

illuminating,  fVom  Califomla  tar,  SU- 

Uman,  iii,  242. 
see  also  PetroleiMi, 
01msted*8  Astronomy,  Snell's  ed.,  ii,  139. 
OnondMga  springs,  ^oeMmann,  11, 211,368. 
Optical  notices,  OibbSy  1,  45. 

See  Lig?U. 
Ordwayy  J.  M.^  Assmuss  on  distHlatiOD, 

V,  274. 
Schiitzenberger's  treatise  on  dyeing, 

iii,  421. 
Organic  substances,   artificial  formation 

of,  WiUiama,  vi,  827. 
Organisms,  living,  observations  and  ez- 

periment»  on,  in  heated  water,  Wyman^ 

iv,  152;  1,  391,  Brewer;  vi,  31,  Wood 
Omithosauria,  Sedey,  noticed,  1,  134. 
OrUm,  J.,  Andes  of  Quito,  v,  90. 

and  the  Amazon,  noticed,  1, 294. 
geoL  of  Andes  of  Eouador,  vii,  242. 
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Orion,  J.y  obsenratdons  on  the  Andes  and 

Amazon,  vi.  203 
Orion.  R^  on  Peat-bed  beneath  drift  in 

Ohio,  1.  54,  293. 
Ostrich,  acclimatization  of,  i,  109. 
Owerij  i?.,  On  Life  and  Species,  vii,  33. 
Cavern  of  Bruniquel,  1,  429. 
on  the  Dimorphodon.  1,  424. 
Equines  of  South  America,  1,  424. 
Owen^  Bichard,  rock-salt,  New  Iberia,  La., 

ii,  120. 
Oxalic  acid,  synthesis  of,  Befrthdot^  v,  249. 
Ozydizing  mixture  of   nitric    add  and 
chlorate  of  potassium.  Siorer,  viii  190. 
Oxygen,  electrized,  second  research  on, 
Msissner,  abstract  of.  Barker ^  1,  213. 
new  method  for,  iii,  389. 
Ozone,  density  of,  Saretj  iv,  108. 

from   rapid  combustion,   Loew^    ix, 
369;   Than,],  256. 
researches  on,  Meissner,  \  151,  213. 
prod,  of  in  rapid  combustion,  1,  255. 
thallous  oxyd,  test  for,  yiii,  410. 


Packard,  A.  S.,  Drift  of  Labrador,  i,  30. 
glaciers  in  White  Mt.  valleys,  iii,  42. 
Guide  to  study  of  Insects,  noticed,  vi, 
274;  ix,  '^85. 
Amer.  Entomology  for  18»!9,  1,  431. 
Page,  C.  G.,  obituary  of,  vi,  149 ;  viii,  1. 
Paine,  J.  A,,  Jr.,  catalogue  of  plants  by, 
noticed,  i,  130. 
Scolopendrium  offidnarum,  ii,  281. 
Paheacis,  Haime,  Meek,  Verrill,  iv,  419. 
Paleontology,  vegetable,  by  W.  C.  Schim' 
per,  noticed,  viii,  272. 
see  also  Geology  and  Zoology, 
Palladium  and  hydrogen,    Graham  on, 

vii,  417. 
Paraffin,  products  of  oxyd  of,   GiU  and 

Mcnsd,  viii,  416. 
Parasitism.  Crustacean,  Verrill,  iv,  126. 
Paris  Exposition,  Barnard's  report  on,  ix, 

]75. 

Parker,  H.  W,  on  carbolizing  birds,  1,  283. 
Parker,  J.  D.,  earthquake  in  Kansas,  v, 

129. 
Parkhursi,  photo-mapper,  ix,  37. 

star-mapper,  viii.  163. 
Parks  of  Colorado,  iv,  351. 
Pa/rlatore,  essay  on  cotton,  noticed,  iii,  272. 
on  botanical  method,  iii,  278. 
on  Coniferse,  iii,  272. 
Parrv's  report  on  Kansas  Pacific  R.  R. 

route,  vii,  112. 
Paxton,  J.,  obituary  of,  i,  264. 
Peabody  Acad.  Nat  ScL,  memoirs,  vii, 

436. 
Peabody,  G.,  gifts  of,  ii,  433 ;  iii,  131,  414. 
obituary  of,  viii,  442. 


Peat  bed  beneath  drift  in  Ohio,  Orioh,  \ 

54. 

Peat,  Johnson  on,  noticed,  ii,  439. 
nitrogen  in,  Schutaei^stein,  ii,  131 
of  Chatham  Is.,  i,  123. 
Pedcham,   S.   F..    Ci^omia   peMeom 
samples,  iii,  345. 

apparatus  for  analysis  of  petroleiim, 
iv,  230. 
distillation  of  hydrocarbons,  vii,  9. 
on  bitumens  and  the  fonnatkxi  of 
asphaltum,  viii,  181. 

on  origin  of  Albertlte,  Tin,  362. 
Pedersen,  J.,  obituary,  1,  436w 
Pelouze,  T.  J.,  obituary  of,  iv  137. 
PengeUy,  W.,  exploration  of  Kent's  cav- 
ern, Devon.,  iii,  H72. 
Penrose,  method  of  predicting  occulta- 

tions,  etc,  by,  noticed,  viii,  449. 
Perfumery,  art  of,  noticed,  iv.  141. 
Perkins,  G.  H„  moUuscan  fauna  of  New 
Haven,  ix,  276. 
on  a  land-slide,  ix,  158. 
Perrey,  A.,  on  earthquakes,  noticed,  v, 
268. 
sale  of  library  of.  ii,  290. 
Perry,  J.  B.,  geoL  of  W.  Vermont,  vii, 

341. 
Petermann,  A.,  Gulf  Stream,  etc,  noticed, 

1,295. 
Peters,  C.  H.  F.,  asteroids  discovered  bj, 
ii,  135;  (111),  1,  285;  viii,  40o. 

elemeuts  of  asteroid  (85),  i,  277; 
(109),  ix,  277;    (111),  1,  482;    (112),!, 
409. 
Petit,  Traits  d' Astronomic,  iii,  99. 
Petroleum,   apparatus  for    analysis  oC 
Peckham,  iv,  230. 

California,  falsified  samples  of,  Fedk- 
harn,  iii,  345 ;  SilUman.  iii,  245. 
geoL  relations  of.  Andrews,  ii,  33. 
m  Canada,  Winched,  i,  176. 
Mexico,  Orowther,  vi,  147. 
New  S.  Wales,  Clarke,  ii,  267. 
Russia,  ii,  272. 

S.  Kentucky  and  Tenn.,  Saford,  ii 
104. 
of  Archangel  and  Zante,  i,  427. 
on  Allegheny  river,  Lesley,  ii,  123. 
or  oil  well?*,  position  of,  Ledey,  i,  139. 
origin  of,  Lesqiiereux  on,  ii,  264. 
region  of,  in  Ky.,  Newberry,  i,  284. 
synthesis  of^  Berthelot,  iii,  251. 
uplift  <.f  W.  Virginia,  Evans,  ii,  334. 
see  also  Hydrocarbons. 
Pfeil.  F.  S.,  ammonium-amalgnm,  ii,  72. 
Phillips,  J.  A.,  geology  of  California  gold 
fields,  vii,  134. 

on  mining  and  metallurgy  of  gold 
and  silver,  noticed,  SiUiman,  vi,  134. 
Philological   convention,  American,  vii, 
287. 
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Phin,  J.,  Chemical  History  of  the  Six  dajs  Poole,  H.  W.^  on  musical  ratios,  v,  289. 


of  Creation,  1,  294. 
Phosphate  from  W.  Indies,  S?iepard,  vii, 

428. 
Phosphoric  add,  iii,  109. 

in  diaspore.  Shepard,  1,  96. 
and  moljbdic  adds,  vi,  397. 
Phosphorus,  terchlorid  of,  action  of  alco- 
hols 00,  iii,  389. 
Photo-chemistry,  a  theory  of,  Lea,  iv,  71. 
Photograph  of  solar  prominence,  Yowng, 

\  404. 
Photography,  a  new  light  for,  i,  427. 

see  also  Light  and  PhoUhMicography. 
Photoheliograph,    work   done   with,  at 

Eew  observatory,  iz,  431. 
Photo-mapper,  Parkhwrst,  iz,  37. 
Photometric  experiments,  Rood,  Lt,  145 ; 

1,1. 
Photo-microg^phy,     caldum    light    in, 
Woodward,  1,  366. 

magnesium  and  electric  lights 
in.  Woodward,  ii,  189 ;  ix,  294. 
Physidan's  problems,  Elam,  noticed,  iz, 

444. 
Physics,  molecular,  etc.,  Korion,  i,   61, 
196;  iz,  24. 
notes  on,  Mayer,  viii,  161. 
Physiological  chemistry,  notices  of  papers' 

in,  Barker,  vi,  233,  379 ;  viii,  49. 
Phybiology,  MarshallV,  noticed,  vii,  151, 

435. 
Pickering,  E.  0.,  forms  of  spectroscope, 
V,  301. 
Solar  eclipse,  viii,  425. 
Pickett,  E.  J.,  obituary  of,  iv,  292. 
Pigeaux,  on  the  Leporide,  v,  127. 
Pis-ani,  F.,  Comptoir  mineralogique  of,  iii, 
115. 

on  corundophilite,  i,  394. 
taltaHte,  iii,  407. 
Planets,  discovery  of,  Watson,  iv,  426. 
new,  Peters,  viii,  400. 
secular  perturbations  of,  EaU,  1,  370. 
see  also  Asteroids. 
Plants,  assimilation  of  nitrogenous  bodies 
by,  Johnson,  i,  27. 
of  California,  dried,  iv,  123. 
see  Botany. 
Platinum  compounds,  Schneider,  viii,  411 ; 

iz,  109. 
Pliicker,  J.,  obituary  of,  vi,  149. 
Poeppig,  £.,  obituary  of,  vii,  142. 
Poisons,  Wormley's  micro-chemistry  of, 
noticed,  iv,  140.  I 

Polarity  in  animals,  and  polycephalismj 
Clark,  iz.  69. 
mechanical,  Cluue,  i,  90. 
Polarization,  skylight,  in  Nebraska,  v,  96. 
Poncelet  Traits  des  propri^tes  des  figures, 

iu,  99. 
Poole,  H.  VF.,  harmony  in  music,  iv,  1. 


Pope.  F.  L.,  Manual  of  Electric  teleg^ph 
by,  noticed,  viii,  150. 

Population,  decreasing  increase  of,  ill,  141. 

Porter,  J.  A.,  obituary  of,  ii,  290. 

Porter,  S.,  vowel  elements,  ii,  167,  303. 

Portland  Soc  Nat  Hi^t,   Proceedings, 
vii,  436. 

Potassic  >-platinic  ozy-sulpho-platino-stan- 
nate,  viii,  412. 

Pourtales,  L.  F.,  Crinoids,  etc,  fVom  deep 
sea  dredging  s.  noticed,  viii,  451. 
Gulf-stream  fauna,  vi,  409,  413. 

Prairies,  A.  Fendler  on,  i,  154. 

Precession-period  in  chrondo^y,  1,  172. 

Precipitatea  app.  for  collecting  and  wash- 
ing, in  test-tubes,  McDonald,  iv,  188. 
gelatinous,  Chatard,  1,  247. 
washing  of,  Bunsen,  vii,  321. 

Premium  offered  by  the  Netherland  Soc., 
etc.,  iz,  284. 

Prizes  for  discovery  of  comets,  iz,  442. 

Proceedings  of  Societies    viii,  152,  298, 
451. 

Proctor,  R,  A.,  star-drift,  ix,  436. 

Protichnites,  new  species  of,  from  Puts- 
dam  sandstrmo.  Marsh,  viii,  46. 

Protozoa,  Clarke,  ii,  320. 

PumpeHly,  R.,  delta-plain  of  China,  and 
changes  of  YeUow  R.,  v,  219. 

g^ol.  observ.  in  China,  etc.,  i,  145. 
G«ol.  of  China,  etc.,  by,  noticed,  iii, 
408. 

Pynchon's  Chemical  Physie«,  noticed,  iz, 
443. 


Quaternions.  Hamilton's  elements  of,  ii, 

438. 

Quicksilver  mine,  Santa  Barbara,  v,  5. 
Almaden,  Spain,  v,  9. 
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Radical**,  organic,  metals  in,  BertheHoi,  ii, 

266. 
Railroad  between  Atlantic  and  Pacific, 

iv,  381. 
Rain-fall  affected  by  the  moon,  ChoM,  vi, 

281 ;  Hennessey,  vi,  283. 
Ra/mmelsberg,  on  position  of  thaUium.  1, 

108. 
Ramsay,  Oeol.  of  N.  Wales,  noticed,  ii, 

265. 
Ramd,  T.  D.,  ivigtite,  vi,  400. 
Ranking's  Medical  Abstract,  noticed,  vi, 

286. 
Rath,  6.  v.,  Mineralogical  contributions, 

noticed,  iz,  401 ;  1,  270. 
Rathke,  properties  of  selenium,  1,  111. 
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RauHn,  Y.,  secular  yariatioiis  of  terres- 
trial magnetism,  noticed,  iv,  143. 

Eaupach,  0.  F.,  earthquake  at  St  Thom- 
as, V,  134. 

RawUnaon^  M,  C,j  changes  in  the  Aral 
sea,  iv,  133 

Raymond^  R.  W.,  Report  on  mineral  re- 
sources by,  viii,  1 36. 

Beale  Comitate  geologico  d'ltalia,  ix,  401 

Redfidd^  J.  H.^  Bahamas  hurricane,  1866, 
vii,  116. 

Reemelin  on  wine-making,  vi,  432. 

Reeve.  L.,  obituary  of,  i  283. 

Rekhardty  recovery  of  uranium,  1,  113. 

Reimann  on  aniline,  ix,  142. 

Remhairdi  on  Brazil  bone-caves,  vi,  264. 

Reliquiae  Aquitanicse.  noticed,  ii.  291 ;  vi, 
287;  vii,  161,  279;  viii,  136;  ix,  144; 
1,  162. 

Rimond,  A.,  geoL  of  N.  Mexico,  ii,  161. 
notes  on  S.  American  geology,  iii 
114. 

Repsoid  circle,  Abbe^  iii,  207.  309. 

Reptiles,  Mosasauroid    of  New  Jersey, 

Marsh  viii,  392. 

serpent,  from  N.  J.,  Marshy  viii,  397. 

Reptilia,  Batrachia,  etc.,  of  N.  America, 
Cope^  viii,  461 ;  1, 160. 

Reptilian  remains,  Cope^  ii,  426 ;  vi,  263. 
416;  vUi,  278;  ix  390;  1,  140,  268. 

RetuSj  parageuesis  of  minerals,  ii,  271. 

Richardson,  J.,  obituary  of,  i,  266. 

Richtkofen,  v.,  China  explorations,  1,  149, 
410. 

system  of  volcanic  rocks,  noticed,  v, 
267. 

Riddell,  J.  L.,  obituary  of,  i,  141,  267. 

Rock-salt,  in  Louisiana,  Ooeasmann^s  re 
port,  iii,  284. 

Rocks,  lifted  and  subsided,  of  America,  1, 
136. 

Rocky  Mt  expedition,  Marsh,  1,  292. 
scenery,  sun-pictures    of.    Hay  den 
noticed,  1,  126. 

Rocky  Mts.,  explorations  in,  WhUney^  ix, 
398 

Marsk,  \  292. 
supposed  absence  of  drift  fh>m  Pa- 
cific slope  of,  Broumy  1,  318. 

Rodgers, «/.,  tides  of  Tahiti,  i,  161. 

Rodman,  C.  S.,  analyses  of  turgite,  iv, 
219. 

Ramer,  spider  from  coal  formation,  ii, 
123. 

Roifera,  W,  A.,  Asteroid  (109),  ix,  141, 
428. 

personal  equation  in  transit  obser- 
vations, vii,  297. 

Rogers,  W.  B.,  Pros,  of  Inst  of  Technol 
ogy,  i,  141. 

Rogerfi,  H.  D.,  library  and  geological  spe- 
cimens of,  iii,  419. 


Rogers,  H.  D..  obitoary  <^  ii,  136. 
Rolfe  and  GiUefs  Cambridge  Fhj8io8.Ti, 
286. 
Handbook  of  Chemistry,  vii,  394. 
Rood,  0.  N.^  tint  from  mixing  bhie  nd 
yellow,  i,  369. 

thermo-electric  carrents  by  peras- 
sion,  it  12. 

on  measuring  average  sixe  of  fine 
partides,  iii,  104. 

on  the  discharge  of  a  Leyden  jir 
with  the  induction  coil,  viii,  163. 

photometric  experiments,  Part  I,  ix, 
146  ;  Part  U,  1,  1. 
Roqpper^  W.  T.,  minends  from  N.  J.,  1, 86. 
Root,  E.  W.,  enargite  from  Oafifoniia,  vi, 
201. 
Wilsonite,  v,  47. 
Roeooe*s  Chemistry,  noticed,  iii,  137. 

Spectrum  Analysis,  noticed,  ix,  3S9. 
Rosing  A.,  obituary  of  vi,  148. 
RoBse,  Lord,  obituary  of^  v,  142. 

Lunar  Radiator,  viii,  436. 
Rovoiey^  &,  theory  of  visaon,  vi,  163, 430. 
Royal  Geog^phical  Soa,  extracts  from 
Murchison's  address,  v,  14. 
Society  of  London,  ix,  442. 
Rumford  medal  to  A.  Clark,  ii  13& 
Russia,  central  observatory  kA,  ii,  286. 

petroleum  in,  ii,  272. 
Russian  America,  geography  of^  iv,  319; 
Blake,  v,  242. 
American  explorations,  BaSL,  v,  96. 


s 


SadOer,  S.  P.,  Fischer's  salt,  ix,  189. 
Seemann,  L.,  obituary  of,  iii,  436. 
Safely,  A,  on  mastodon  remains,  ii,  426. 
Safford,  J.  M.,  geology  of  Tennessee  bj, 
noticed,  i,  409;  viii,  416. 
petroleum  in  S.  Kentudcy,  ii,  104. 
Tennessee    geological    Report,  no- 
ticed, vi,  436. 
Safford,  T.  H..  m  chaifpe  of  Chicago  ob- 
servatory, i,  140. 
SaLUfyury,  R.  A.,  Genera  Plantarom,  ii, 

280. 
Salmon,  acclimatization  and  vitality  of^  i, 

109. 
Salt,  chemifltry  of,  Goeaamann,  ix,  78. 
deposit  of,   in  Louisiana,    Owm,  ii, 
120;  HUgard,  yu,  77. 
Salt  springs,   Onondaga,  Cfoaaamanm^  ii, 

211. 
Salter,  Lmgula  flags  of  Wales,  i,  262. 
Sara,  Mkhael,    Memoires  dee  Crindda 
vivants,  of,  noticed,  viii,  143. 
on  Quaternary  of  Norway,  i,  286. 
obituary  of,  ix,  144. 
Aind  for,  ix,  283. 
Sartwell,  H.  P.,  obituary  of,  ▼,  121. 
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SatiBsure's  Nat  Hist,  of  Mezko  and  An- 
tilles, noticed,  11,  285. 
Scarlet,  on  a  pui*e,  DaU,  1,  291 
Schiaparelli's  theory  of  meteors,  iii,  291. 
Schlectendahl,  obituary  of,  v,  124. 
Schneider^  new  sulphur  salts,  ix,  108, 263. 

platinum  compounds,  ix,  109. 
Schoolcraft,  sale  of  mineralSi  etc.,  of,  viii, 

440. 
SehorUfmmer^  new  hydrocarbons,  iii,  108. 
Schott,  O.  A,f  U.  S.  magnetic  dedination, 

i,  149. 
Schraiufy  A.<,   determination    of  atomic 

weights  by  optical  meani*,  iv,  113. 
Schultz,  G.  H.,  obituary  of,  v,  272. 
Schwobe,  on  sun-spots,  etc,  iv,  287. 
Schutzenberger  on  dyeing,  noticed,  iii, 
421. 

researches  on  platinum,  1,  144. 
Scorpion,  fosffll,  ifd&and  WorVw^.  yi,  19. 
Satdder^   S.  EL,  entomological    corres- 
pondence of  Harris,  viii,  143. 
mole-crickets,  yi,  417. 
X.  American  OrtJioptera,  yii,  436. 
on  Neuroptera,  iii,  411. 
carboniferous  insects,  vi,  419. 
Sea,  see  Ocean, 

Seal,  habits  of,  etc.,  noticed,  1,  431. 
Seaaons  origin  oi^  Mosaman,  noticed,  viii, 

160. 
Secchi's  L'lJnita  delle  Forze,  noticed,  iv, 

143. 
Seeley,  K  (7.,  Omithopsis.  ix,  393. 
Onithosauria,  noticed,  1,  134. 
Index  to  fossil  remains  in  the  Wood- 
wardian  Museum,  noticed,  1,  134. 
on  Owen's  Dimorphodon,  1,  426. 
Selenium,  properties  of,  Bathke,  1,  111. 
Serret,  Gours  d'Alg^bre,  iii,  99. 
Shades  and  shadows,  Warren's  problems 

in,  noticed,  iv,  139. 

ShOfTplea,  S.  F,y  analysis  of  minerals,  ii, 

271. 

chemical  tables  by,  iii,  139. 

minerals  from  Chester  Co.,  Pa.,  vii, 

819. 

new  salt  of  caesium,  vii,  178. 

precipitation  of  antimonous  sulphid 

fVom  boiling  solutions,  I  248. 

SharauHtodj   WI,  on  the  discovery  that 

Unios  are  sensitive  to  light,  ix,  422. 
Sheffield  Laboratory  contributions,  i,  246 ; 
ii,  196;  iii,  20O,  361;  iv,  219;  v,  34; 
vi,  230,  240. 
Shtpard^  C.  U.^  Sr,,  rahtite,  etc.,  i,  209. 
meteor  near  Charleston,  i,  276. 
corundophylite  aod  paraoolumbite, 
U,  91.92,  269,421. 
mineral  notices,  ii,  246. 
meteoric-iron,  localities,  ii,  249,  347. 
dassiflcHtion  of  meteorites,  iii,  22. 
supposed  tadpole  nests,  iii,  99. 


Shtpard,  C.  U^  Sr,^  Cohahuila  meteoric 
iron,  iii,  384. 
Corundophilite,  Chester,  vi,  256. 
on  aquacreptite,  vi,  266. 
meteorite  fit>m  Georgia,  vi,  257. 
new  U.  S.  meteorites,  vii,  230 
origin  of  S.  Carolina  phosphate  form- 
ation, vii,  338. 

new  mineral  phosphate  from  W.  I., 
vii,  428. 
mineralogical  contribution,  1,  90. 
on  ambrosite,  1,  273. 
on  the  Guanape  Island  guano  and 
its  minerals,  1,  273. 
Shepcurd^  C.  U,^  Jr,^  S.  Carolina  nodular 

phosphates,  vii,  364. 
Shimper,  W.  P.,  Vegetable  physiology  by, 

noticed,  vii,  272. 
Shooting  Stars,  1866,  Nov.,  Newton,  i,  68, 
273. 

Aug..  1866,  ii,  286,  429. 

1866,  Nov.,  NewUm,  iii,  78,  276, 
413. 

1867,  May,  iv,  129;  July,  KWh^ 
wood,  iv,  288 ;  Aug.,  Newton,  iv,  426 ; 
Nov.,  Newton,  v,  78,  225. 

Aug.,  1868,  NewUm^  vii,  287. 
Nov.  1868,  Newton,  vii,  118, 399. 
1869,  Nov.,  ix,  244 
connection  with  comets,  iv,  128. 
fall  of,  June  19,  1866,  Haidm- 
ger,  iv,  131. 

in  the  southern  hemisphere,  iv, 
429. 

Nov.  orbit  of,  Adams^  iv,  127. 
Nov.,  1866,  spectra  of,  v,  279. 
proportions  as  g^ven  by  differ- 
ent observers,  Newton,  i,  192. 

recent  investigations  of,  Newton, 
iii,  286. 

treatise  on,  by  Kirkwood,  no- 
ticed, iv,  428. 

see  also  Meteors. 
Shufddt,  O.  A.^  sources  of  great  Lakes, 

iii,  193. 

Shwrnard,  B,  F.,  Catalogue  of  Paleoeoio 
fossils,  noticed,  i,  124,  410. 
paleoEoic  fossils,  noticed,  ii,  118. 
collections  of,  viii,  294. 
Cretaceous  of  Texas,  by,  noticed,  ii, 
123. 
obituary  of,  viii,  294,  442. 
Siemens,  electric  madiine  of,  iii,  386. 
Siberia,  tent  life  in,  etc.,  noticed,  1,  438. 
Silbermann,  J.  F.,  obituary  of,  i,  103. 
Silicates,  anhydrous,   relation   between 
proportions  of  alkalies  and  amount  of 
silica,  Dana,  v,  109. 

chemical  formulas  of,  Danot  iv,  252, 
398. 

determination  of  protoxyd  of  iron  in. 
Cooks,  iv,  347. 
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Silicic  acid  ethers,  ly-iedel  and  Orafk,  iii, 

165,  331. 
Silicon,  carbon  replaced  bj,  ii,  255. 

combinations  of,  wiUi  alcohol-radi- 
cals, Friedel  and  Crafts,  iz,  307. 
graphitoidal  crjst  of,  MQkr^  i,  108. 
hydrid  of;  iv,  107. 
iodid  of,  Friedel,  vl  398. 
new  compounds  of,  iv,  1 05. 
oxychlorid  of,  vi,  125. 
SiBimanj  B.,  Sr.,  Weston  meteor,  1807, 

vn.  1. 
SiUiman  B.,  on  Arizona,  i,  289. 
Gay-Lussite,  Nevada,  11,  220. 
naphtha  and  illuminating  oil  from 
California  tar,  iii,  242. 

note  on  petroleum  analyzed  by,  iii, 
24n ;  Peckhamy  iii,  345. 

Grass  Valley  gold-mining  dintrict,  iv, 
236. 

peculiar  mode  of  occurrence  of  g^ld 
and  silver,  v,  92. 
mastodon  in  California,  v,  378. 
Phillips  on  gold-mininjf,  noticed  by, 
vi,  134. 

American  Assoc,  meeting,  vi,  276. 
transformation  of  Siredon,  vi,  421. 
illuminating  power  of  gas,  mixed 
with  air,  viii,  40. 
on  Wollongongite,  viii,  86. 
relation  of  the  light  horn  g^s  to  the 
volume  consumed,  ix,  17. 
on  flame-temperatures,  ix,  339. 
note  on   Mr.   Stlmpson's  paper  on 
Farmer's  Theorem,  1,  377. 

on  the  determination  of  the  Photo 
metric  power  of  a  rich  gas  by  dilu- 
tion, etc.,  1,  379. 
SiUiman,  «/.  if.,   spectroscopic  examina- 
tion of  the  Bessemer  flame,  1,  207. 
Silk,  solution  of,  i,  427. 
Silver-mines  of  Chihuahua,  ix,  161. 

mining,  Phillips  on,  noticed,  vi,  134 
Silver,  sulphuret  of,  Blake,  iii,  126. 
Silvering  upon  glass,  iii,  252. 
Siredon,   metamorphosis  of,  MairaK,   vi, 

364,  4H6;  SUliman,  vi,  421. 
Sisraonda,  Anthracite  rooks  of  Alps,  iii, 
409. 
Chart  of  N.  W.  Italy,  iii,  115. 
Sitka,  scientific  party  for,  iv,  291. 
Sky,  c^>lor  of,  TSfitdaU,  viii,  268. 
Skylight  polarization  in  Nebraska,  Chase, 

iv,  266. 
Smith,   F.  H.y   experiments  with    fluid 
jets,  v,  419. 

resolution  of   sounding    flames,   y, 
421,  422. 
Smith,  H.  L.,  on  a  microscopic  finger,  i, 
331. 

note  on  illumination  of  opake  ob- 
jects under  the  microscope,  i,  424. 


Smiik,  H  L.,  new  binocolar  eye-pieoe, 
v,42. 

on  the  spectroscopic  ezaminatian  of 
DiatomaoesB,  viii,  83. 
Smith,  J.  L.,  emery  of  Chester,  Mass.,  ii, 
83. 
Colorado  meteorites,  iii,  66. 
minerals  from  Kellogg  mines,  AdL, 
iii,  67. 
meteoric  iron,  Mexico,  v,  77. 
meteorites,  Wisconsin,  vii,  271. 
Cohahuila  meteorite,  vii,  383. 
on  desCloizite,  viii,  137. 
on  lesleyite,  viii,  254. 
Alabama  meteorite,  iz.  90. 
meteorite  in  Ohio,  iz,  139. 
Franklin  Ca  meteoric  iroo,  and  anal- 
yses of  meteoric  irons,  etc.,  ix,  33L 
on  alkalies  in  leudte,  iz,  336. 
fall  of  met(»rite  in  Georgia,  1,  293. 
meteorite  of  Stewart  Co.,  6a.,  anslj. 
sis,  1,  339. 

on  use  of  flame  heat  in  the  labon- 
tory,  eta,  1,  341. 
Smith,  S.  /.,  on  new  Crustacea,  viiL  118. 
on  Crustacea  of  firaol,  viii,  388. 
on  American  Crustacea,  No.  I,  no- 
ticed, ix,  426. 
Smithsonian  oontributions  to  paleontoto- 
gy,  iii,  363. 

Institute,  history  of,   BenOum,  ir, 
305. 
library,  transfer  of,  Henry,  v,  137. 
report,  1864,  noticed,  i,  143;  1865, 
ii,  436;  1867,  vii,  295 ;  1868,  viii,  450. 
Smyth,  R.  B.,  gold-flelds,  etc.,  of  Vic- 
toria, noticed,  ix,  263. 
Snell's  Olmsted^s  Astronomy,  ii,  139. 
Soap  and  candles,  manuf.  of,  noticed.  It, 

141. 
Sodium-amalgamation,  Wurte,  i,  216. 
flame,  iii,  91,  94. 

use  of,  in  explosive  powders  vii,  431. 
Soils,  specific  heat  of,  Pfaundler,  iii,  393 
Solar  atmosphere,  yellow  ray  of,  vii,  415. 
corona  in  total  solar  eclipses,  AVrtos, 
1,250. 

eclipse,  on  observing,  Neweofmh,  vii, 
413. 

physics,  De  La  Rue,  etc.,  iii,  179, 
322. 

prominence,  photograph  of^  Twmq. 
1,404. 

protuberances,  vii,  127,  273. 
spectrum,  vii,  127,  273,  274,  417. 

map  of,  Qitlb9,  iii,  1. 
spots,  vapor  of  water  near,  vii  416. 
See  also  Sun. 
Sombrero,  geoL  of,  Jtdien,  noticed,  ii,  439. 
Sorby,  on  meteorites,  i,  136,  137. 

spectra  of  zirconium  and  uraniom 
compounds,  iz,  387. 
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Sorei^  density  of  ozone,  !y,  108. 
Sound,  transmission  of,  affected  by  in 
tenor  friction  of  the  air,  iii,  253. 

Telocity  of,  KuruU^  ii,  268 ;  Neumann, 
11,417. 

waves,  interfervnoe,  apparatus  for, 
U,  417. 

Spectra,    influence    of  electro-negative 

elements  on,  Draoon,  i  260. 

ultra-violet,   on    the,   Mascurty  viii, 

404. 

gaseous,  researches  on,  F\ranldand 
and  Loekyer,  viii,  402. 
Spectral  lines,  Hinriehs,  ii,  350. 

breadth  of,  Lippief^  \  106. 
of  the  elements,   wave-leng^ths 
of,  GH)b8,  vii.  194 ;  TkeLtm,  vii,  272. 
Spectroscope,  a  new,  ZSiUner.  iz,  58. 
forms  of,  Pickering,  v,  301. 
detection  of  chlorine,  bromine  and 
iodine  by,  i,  1 12. 
Spectroscope  examination  of  the  Bes- 
semer flame,  J.  M.  SiJUman,  \  297. 
of  the  Diatomacess.  viii,  83. 
Spectrum    analysia,   Lockyer,    ix,    432; 
Boseoe  ix.  389. 

aqueous  lines  of,  Oooke,  i,  178. 
artificial,  vii,  418. 
measurement  of  wave-lengths, 
Oitbe,  V,  298. 

of  aqueous  vapor,  Ntekih,  iH,  90. 
of  Aurora  of  April,  1869,  viii, 
404. 

of  electric  brush,  ill  394. 
of   the  starM,  v,  393;   vii,  274, 
416,  417;  ix,  58. 

of  shooting  stars.  Browning,  v, 


279. 


127. 


250. 


of  f  OoronsB,  ii,  389. 
observations  during  eclipse,  vii, 

solar,  vii,  127,  273,  274,  417. 

map  of,  (Htha,  iii,  1. 
stellar  Seochi,  v,  393. 
violet  portions  of,  Angstrom,  v. 


Sponges,  animality  of,  Clark,  ii,  820. 
new  genui  from  the  lower  Silurian, 

Marsh,  iv,  88. 
Spontaneou'4  generation,    ChUd,  i,  381 ; 

Dana,   i,   389;    VerriU,  i,   418,   420; 

Niekles,  iii,  97. 
Stddeler,  on  yolk  of  eggs,  vi,  235. 
Stanley's  logarithmic  tables,  error  in,  vii, 

287. 
Star-drift,  ix,  436. 
Star-mapper,  Foirkhwrst,  viii,  163. 
Star,  new  variable,  ii,  79,  80,  136. 

spectrum  of,  Huggins  ii,  389. 
photometer,  results  of,  ii,  418. 
Stars^  flxed,   D*Agelet's  observations  on. 


Stars,  heat  of  Huggins,  viii,  286 ;  iz,  108. 
heating  power  of,  ix,  434. 
spectra  of  ix,  58. 

Stati!>tic8,  military  and  anthropological, 
Gmld,  viii,  149. 

Steel,  Bessemer,  i,  278. 

Stefan,  sound  affected  by  interior  fHotioii 
of  air,  iii,  253. 

Stellar  spectra,  Seechi,  v,  393. 

Stereoscope,  real  image.  Maoowdl,  v,  116. 

Stevens,  Henry,  life  of  Humboldt,  ix,  1. 
on  the  earliest  discoveries  in  Amer- 
ica, viu,  299,  437. 

Stewart,  R,  auroral  appearances,  etc.,  ix, 
281. 
solar  phjTSica,  iii.  179,322. 

Stimpson  on  the  Hydrobiinse,  nutioed,  i, 
270. 

Stimpson,  F.  E.,  discussion  of  Farmer's 
theorem,  1,  372. 

StockweU,  J.  K,  variation  in  elements  of 
earth's  orbit,  vi,  87,  436;  L  147. 

Stodder  on  Nobert's  test-plate,  review  of. 
SuUivant,  vi,  347. 

Stone  implements,  Celtic,  composition  of, 
ii,  272. 

Chatel's  collection  of,  ii,  289. 
of  Elba,  i,  427. 

Stone,  E,  J.,  appointed  astronomer  at  the 
Cape  of  GkxKl  Hope,  1,  149. 

Storer,  D.  H  ,  flshes  of  Mass.,  noticed,  v, 
129. 

Storer,  F.  H,  hydrooariixms  fh>m  animal 
fats,  iii,  250. 

Joha.son'R  How  crops  Grow,  noticed 
by,  vii  147. 

naphtha  from  Rangoon  petroleum, 
iii,  251. 

on  nitric  acid  and  chlorate  of  potas- 
sium HS  an  oxyizing  mixture  viii,  190. 

Storer  and  Eliot,  chemistry  of,  noticed, 
iii,  420;  vi,  130. 

Stfjrer,  H.  /?.,  decreasing  increase  of  pop- 
ulation, iii,  141. 

Storms,  teleg^ph  to  announce,  ix,  282. 

Streaker,  on  sulph-acids,  vi,  124. 
on  uric  acid,  vi,  124. 

Strong,  T.,  obituary  of,  vii,  293. 

Struver,  on  sellaite,  1,  27H. 

Subsidence  of  land  nt  Coxsackie,  i,  12. 

Sugar  in  the  liver,  vi,  379 ;  vii,  20,  258, 
393 
test  for  di;<tingiuriiing  kinds,  i,  427. 

SuUivant,  W.  5.,  Alusci  Bor-Amer.,  by. 
i,417. 

notes  on  Stodder  on  Nobert's  test- 
plate,  vi,  347. 

Sulph-acids,   furmation  of,  Strecketf    vi, 
124. 

Sulphid,  carbonylic,  Than,  v,  251 ;  Bef 
thrlot,  vi,  1*29 ;  vii,  122. 

Sulpho-carbamid,  ReynMa,  vii,  428. 


ii,287. 
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Sulphur  deposit,  island  of  Saba,  viii,  278. 
in  organic  compounds,  metiiod  of  de- 
termining, Warren^  i,  40 
new  acid  of,  viii,  408. 
salts,  new,  Schneider,  ix,  108.  263. 
Sulphuric  acid  of  Gasteropoda,  ix,  420. 
Suiphuric  anhydrid,  modifications  ot  It 

114. 
Sulphurous  acid,  action  of  sunlight  on, 

LoeWy  iz,  368. 
Summer.  Indiau,  Willeiy  iv,  340. 
Sun,  eclipse  of,  iz,  184. 

of  August  7,  1869,  viii,  286; 
OotUd,  viii,  434;  Mayenr^a  report  of, 
viii,  434 ;  meteofs  duriuK,  ffimea^  viii, 
435 ;  Fidaering^B  party,  viii,  435 ;  "Win-. 
2odk,  viii,  434 ;    Ywing,  viii,  37(1, 453. 

Foucault*s  objectives  for  observing 
iii,  254. 

light,   action  of,  on  glass,  QoffitMy 
iv,  244,  31& 

limb  of,  method  of  observing  con- 
tacts at,  Yomg^  viii,  370. 

method  of  viewing  solar  prominen- 
oes  without  an  eclipse,  viii,  4ol. 

physical  constitution  of,  Ijodeyer,  viii, 
402,  403. 

protuberances  of,  ZoUner^  viii,  401. 
spectroscopic  examination  of.  Lock- 
yer,  viii,  121. 

spots,  DelaRue,  etc.,  iii,  179,  322. 
and    auroras,    compared    with 
magnetic  declination,  Loomia.  ),  1 63. 

and  other  Bolar  phenomena, 
Schwabe,  iv  287. 

influenced  by  refraction,  ii,  260 
theoretical  temperature  of,  Lanej 
1,57. 
See  al^o  Solar. 
Swallow,  G.  C.J  ged.  report  of  Kansas, 
noticed,  iii,  283. 

notes  on  Kansas,  i,  405. 
Sweden,  geol.  map  of,  i,  429. 
SsabOj  meteorite  in  Hungary,  ii,  432. 


Tadpole  nests,  supposed,  SKepard,  iii,  99. 
Tahiti,  tides  at,  Rodgera,  i,  161 ;  Wirahw, 

ii,  45. 
TaJbuU.  J.  K,  new  analytical  processes,  1, 

244. 

Tantalic  acid  in  microlite,  Shepard,  1.  95. 
Tantalum,  Marignac,  i,  397. 

compounds,  Marignac,  iii,  108;    De- 

viOe  and  l^ooai,  v,  396. 
reduction  of,  MarignaCy  v,  393. 
Tapir,  new  species  from  Guatemala,  GUI, 

1,  141. 
young,  VerriV,  Iv,  126. 
Taylor  on  mineral  resources  of  U.  S.,  vi, 

131. 


Telegraph  Co.,  explorations  by,  in  Rq8> 

sian  America,  i,  139. 
by  sound,  in  Africa,  i,  140. 
longitude  measured  by,  iii,  130. 
Temperature,  influence  o^  on  modnlos  ot 

elasticity  of  metals,  Kohkanadk  and 

LoamiSj  I,  350. 
theoretical,  of  the  sun,  1,  57. 
terrestriul,  and  solar  spots.  Abbey  \ 

345. 
of  flame,  ix,  339. 
Tennessee,  geology  of,  Saffifrdy  i,  409,  vi, 

435;  viii,  416. 

petroleum  in.  Sc^jford,  ii  104. 
Tenney's  Nat  Hist,  of  animals,  ii,  429. 
Terbium,  non-existence  of,  i,  400. 
Terpiii,  native  hjrdrated,  Blake,  iii,  202; 

Johwon.  iii,  200. 
Tests  for  parallelism  in  glnss,  Gibbe,  1, 35. 
Texas,  geol.  survey,  Buckley's  report,  ii, 

437. 

Teyler  MuRcum,  Archives,  noticed,  vi,286. 
Tballic  acid.  Carata/tjen,  iv,  269. 
Thallium  and  thallic  add,  i,  106, 107. 
ethyl  ct^mpounds  of,  ix,  389. 
position  of  among  elements,  1, 108. 
salts  of,  Strecker^  i,  114. 
Thallous  oxyd,  a  test  for  ozone,  viii,  410. 
Than  on  carbonylic  sulphid,  v,  251. 
production  of  ozone  in  rapid  ooiD' 

bustiun,  1,  255. 
Theory  of  existence,  noticed,  ix,  286. 
Thermal  units,  Meur,  1,  149. 
Thermo-dynamics,  St  Robert's,  noticed, 

i,  287. 
Thfrmo-electric  currents  by  percussioD, 

ii,  12. 

Thioxyl,  chlorid  of,  S3m thesis  of,  iii,  107. 
Thomaa,  T.  F.,  anal,  of  mineral  water,  ii, 

196. 
Thomson,  W.,  size  of  atoms,  1,  38. 
Thomaon,  Wm.,  size  of  molecules,  1,  258. 
Tides  at  Tahiti,  RodgerSy  i,  1 6 1 ;  Windwi, 

ii.  45. 

Tillman's  chemical  nomendatore,  iii,  140. 
Tin,  separation  of  from  arsjenic,  etc,  ix, 

48 
Tin  and  tungsten,  separati(m  of^  IbAott, 

1.  246. 

Titanium,  oxyd  of,  Chester,  Mass.,  ii,  91 
Toluidine,  new  alkaloid  isomeric  with, 

viii,  123. 

Tones,  interferential,  SUfaUy  iii,  253. 
Topler's  method  for  finding  differenoes 

of  density,  iii,  390. 
Torrey,  J.,  semi-centennial  of,  v.  273. 
Traill's  treatise  on  quartz  and  opal  ix, 

403. 
Transit  observations,   personal  equation 

in,  Rogers,  vii.  297. 
Transparency  of  the  air,  Nicklea  v,  70. 
Dreadwelly  2>.,  new  cannon  i,  97. 
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Treadwell  /).,  strength  of  cannon,  v,  135. 

Trees,  till,  in  Australia,  iv,  422 ;  viii,  294. 

Tri-chlor-raethyl-sulphon  chlorid,  Loew, 
vil  360. 

Troost.  heat  of  combination  of  boron  and 
silicon  with  chlorine  and  oxygen,  ix, 
386. 

Trowbridge^  /?..  meteors,  Ang.  1866,  ii, 
286. 

Tungsten,  chlori'ls  of,  Debray^  ii,  264. 

Turpentine,  oil  of,  and  camphor,  hypo- 
chlorous  acid  on,  WAcefc**,  v,  48. 

Twisden,  Introd.  to  mechanics,  v,  426. 

TVfcr,  -4.,  on  the  Amiens  gravel,  vi,  302, 
436. 

Tyler.  S,  W.,  analyses  of  rahtite,  mar- 
cylite.  and  moronolite,  i,  209. 

TyndoUl^    John,    on    chemical    reactions 
caused  by  light,  vii,  129. 
on  clouds,  viii,  268. 
on  color  of  sky.  polarization  of  sky- 
light, etc.,  viii,  268. 

on  sound,  noticed,  v.  286. 
sketch  of  Faraday,  vi,  34,  1 80. 


Ulrichy  G.  H.  8.^  mineralogy  of  Victoria, 

1,  271. 
Unio,  new  species  of  Isciac  Lea,  viii,  144. 
Uranium,  action  of  light  on,  BoUon^  viii, 
206. 
recovery  of,  from    the    phosphate. 

Heintz.  BeicharcU,  1,  113. 
Urea,  formula  of,  IJeiniz^  vi,  237. 
Uric  acid,   Gibbs,  vi,  289;  Strecker^  vi, 

124. 


Vanadium,  Rosoot,  viii,  407. 

re-'earches  on,  Roscoe,  v,  394 
Van  Beneden,  commensalism  among  ani- 
mals, I,  'J85. 
Van  Buren,  J.  D.,  machiaery,  strength 

of,  by,  viii,  151. 
Van  Nostrand's  Engineering  Magazine. 

vii,  295. 
Vapor,  adhesion  of.  Gibbs,  iv,  101. 
Vapor  index,  Lippincoit's,  iv,  139. 
Vegetable,  sew  Botarty. 
Venus,  observations  of,  Lyrnan^  iii,  129. 
transit  of,  ix,  435. 

mode  of  observing,  Newcomb,  1, 
74. 
Vermont,  notes  on  geol.  of,  Hunt^  vi,  222. 

geol.  of.  Perry,  vii,  341. 
VerrilL,  A.  E.,  notice  of  Wilder  on  morph- 
ology of  limb.s  of  mammals,  i,  132. 

distribution  of  North  American  birds. 
i,249. 

new  fluid  for  preserving  specimens, 
1,268. 


Verrill,  A.  K,  notice  of  Clark's  Mind  in 
Nature,  i,  418. 

zoological  notices,  ii,  132,  283,  427  ; 
ix,  129,  273,  276,423;  1,  430. 

polyps  of  Panama,  noticed,  ii,  428. 
and  corals  of  Pacific,   noticed, 
ii,  428. 

and  echinoderms  of  New  Eng^ 
land,  noticed,  ii,  428. 

crustacean  parnsiiism,  iv,  126. 

on  radiates  in  the  museum  of  Yale 
College,  and  on  some  new  species,  iv, 
125. 

Ecliinoderms  and  Corals  of  Panama 
and  Western  America,  iv,  125. 

ytiung  of  the  Central  American  tapir, 
iv.  126. 

Ualcyonoid  polyps  in  Yale  College 
museum,  v,  411. 

on  Hartt's  corals  and  echinoderms 
from  BrazU,  v,  416. 

on  echinoderms  from  Lower  Califor- 
nia, V.  417. 

Alcyonaria  in  Yale  College  museum, 
vi,  143. 

notice  of  Hyatt  on  the  Polyzoa,  vi, 
150. 

on  Radiata  in  Yale  College  museum, 
noticed,  vii,  286. 

on  zoological  nomenclature,  viii,  92. 

halcyonoid  pol3rps,  vii,  28*2  ;  viii,  419. 

on  new  jelly-fish  and  actineans,  viii, 
116. 

phyllopod  Crustacea,  viii,  244. 

on  localities  of  Artemia,  viii,  430. 

on  corals  and  polyps  of  Exploring 
Expedition,  viii,  431. 

of  West  coast  of  America, 
viu,  432. 

echinoderms  and  corals  from  Gulf  of 
Cal.,  ix,  93. 

sea-urchin  of  New  England,  ix,  101. 

deep  sea  faunae  from  recent  dredg- 
ing^ ix,  129. 

shells  of  Gulf  of  California,  iz,  217. 

new  corals,  ix,  370. 

new  species  of  Entozoa,  1,  223. 

New  England  Nudibranehiata,  1, 405. 

parsisites  of  man,  1,  430. 
Vieille,  Elements  de  M^chanique,  iii,  99. 
Vilmorin-Andrieux   and  Cie,  Fleurs  de 

pleine  terre,  v,  269. 
Vision,  binocular.  LeConte,  vii,  68,  153. 

theory  of.  Rowley,  vi,  153,  430. 
Vohrs  te.^t  for  naphthalin,  vi,  130. 
Volcanic  action,  seat  of,  Bunt,  1,  21. 

crater  of  Maui,  ix,  43. 

eruption  at  Santorin,  i,  403. 

in  Hawaii,  i,  424 ;  iii,  264 ;   vi, 
105;  vii,  89;  ix,  269. 

Leon,  Nicaragua,  v,  131. 
Volanoes,  works  on,  for  sale,  ii,  290. 
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yo(ie*8  Orof(r»phic  geology,   noticed,  ii, 

123,  206. 
Vowel  elements  in  speech,  Porier,  ii,  167, 

303. 


w 


WachsmtUh,  C7.,  Buriington  limestone  for- 
mations, ii,  96. 
Wales,  North,  peoL  of,  Ramaay^  on,  ii, 

266. 
Walker  prize  subjects,  Bost  Soc   Nat. 

Hist,  ii,  136. 
Wallace,  A.  R.,  on  Natural  Selection,  no- 
ticed, 1,  142. 
Walz,  J.J  oxjdation  of  diaroylene.  ▼,  67. 
Ward,  H.  A.,  casts  of  fossils  by,  ii,  136. 
Ward,  N.  B.,  obituary  of,  vi,  273 ;  Gray^ 

vii,  141. 
WarreUy  C.  if.,  chlorine  in  organic  com- 
pounds, determ.  of,  ii,  166. 

hydrocarbons  fh>m  animal  fats,  iii, 
260. 

in  Pennsyly.  petroleum,  ▼,  262. 

naphtha  fi  om  Rangoon  petroleum,  iii, 

261. 

sulphur  in  organic  compounds,  de- 
termination of,  i,  40. 
Warren^  8.  E.^  geom.  problems  by,  no- 
ticed, iii,  284. 
Shades  and  Shadows,  noticed,  iy,  139 
Washing  of  precipitates,  Bunsen,  vii,  321. 
Washington,  Mt,  height  of,  iy,  377 ;  y, 

424. 

Water,  absorptiye  power  of  yapor  of,  ii, 

269. 

expansion  of,  iii,  264,  393. 

from  conduit  pipe,  delivery  of^   y, 

191. 

of  Lake  Leman,  color  of,  ffayeij  ix, 
186. 

on  filtration  of,  by  Kirkwood^  noticed, 
yiii,  446. 

yapor  of,  absorptiye  power  of,  iii, 
246. 

in  stars.  NiekXes^  y,  70. 
spectriun  of,  iii,  90. 
Waters,  mineral,  see  minercd. 
WdUaon^  J.   C,  disooyery  of  planets,  iv, 
426 ;  yi,  274,  392. 

Theoret.  Astronomy  by,  noticed,  yi, 
146. 

receiyes  the  Lalande  prize,  in  astron 
omy.  1,  293. 
Watson's  index  to  Indian  names,  yii,  143. 
Waye-appar»tU8,  Lyman,  y,  384. 
Wave-leng^B,  measurement  of,  by   re 

fractiye  indices,  67t5&9, 1,  46. 
Weil  yolumetric  estimation  of  copper,  1, 

108. 

Weisbach's  mechanics,  noticed,  yiii,  449 ; 
ix,  144. 


WdU,  M.  (7.,  lemaiiiB  of  beayer  in  H.  J., 

yiii,  443. 
West  Virginia,    oil-bearing    uplift  oi, 

EwuM,  ii,  334. 
WetheriU,    C,  Jf ,  orystaUine  nature  of 
glass,  i,  16. 
on  itacolumite,  iy,  61. 
WAorton,  J,,  autumnal  foliage,  yii,  t51. 
products  of  nickel  maiiufacture,  ix, 
365. 
Wheatstone's  electric  machine,  iii,  386u 
Wheder,   C.   (?.,    action  of  peraxyd  of 
manganese  on  uric  add,  iy,  218. 

hypochlorous  add  on  ofl  of  torpen- 
tine  and  camphor,  y,  48. 

on  a  prooess  of  elementary  anafjai^ 
i,  33. 
Whewell,  W.,  obituary  of,  i,  428. 
Whelpley  and  Storer's  metallurgioal  me* 

thod,  iu,  305. 
Whikicer,  W.,  subaerial  denudatioD,  Ti, 

268. 
White,  C.  ii.,  appointed  geologist  of  Iowa, 
ii,272. 

drift  m  S.  W.  Iowa,  iii,  301. 
geoL  of  Iowa,  iy,  23 ;  1,  136. 
Iowa  coal  measures,  y,  331. 
coal  in  Nebraska,  y,  399. 
Iowa  geoL  report  by,  notioed,  iS, 
284;  y,  402. 
shell-structure  of  Naiades,  y,  400. 
on  "Cone  in  cone,"  y,  401. 
Unios  and  light,  yii  280. 
White  Mts.,  gladers  in,  Padtardy  iii,  43. 
Whitney,  J,  D,,  geol  report  of  California 
noticed,  I  124,  231,  351. 
bomx  in  California,  i,  255. 
new  facts  in  geoL  of  California,  i,  SSI 
humnn  skull  from  8hMft  in  Cd.,  % 
266. 
Nevada  Silurian,  iii,  267. 
publications  of  CuL    geoL   surrff, 
yiii,  133,  148, 161. 

Yosemite  g^uide-book,  by,   noticed, 
yiii,  148. 
explorations  in  Rodcy  Mts^  ix,  398. 
Whitney,  H,  Jf ,  eruptions  in  Hawaii,  fi, 

112. 
WhiUk$ey,  C,  explorations  in  Minnesote^ 

noticed,  ii,  440. 
Wiedemann,    on    magnetism    of    com- 
pounds, yii,  128. 
Wilder,  B.  0.,  on  morphology  in  limbeof 
mammals,  i,  132. 
morphology  of  the  hand,  iy,  44. 
notice  of  Jour,  of  Anat  and  PhysioL, 
y,  124. 
on  extra  digits,  noticed,  yii,  150. 
WiOet,  J.  X,  fall  of  meteorite  in  Georgia, 

1,  335. 
WilHama,  C.  (?.,  artificial  formation  of  or- 
ganic substances,  yi,  327. 
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WiUiama,  S.  W.,  haU  in  China,  iii,  281. 
Will^tf  qualitative  analysis  tables,  noticed, 

iv.  140. 
WtnMiMr,  Salices  EuropesB.  iii,  272. 
WmeheU,  A,,  petroleum  in  Canada,  i,  176. 
fossils  of  Mnrshall  group,  bj,   no- 
ticed, i,  120. 

Niagara  limestone  fo<*silB  near  Chi- 
cago, by,  noticed,  i,  409. 

on  Qrwnd  Traverse  region,  noticed,  ii, 
268. 
geological  chart  by,  vi,  140. 
Sketches  of  Creatinn  by,  noticed,  ix, 
400. 
Winds,  motion  of  dome  at  Washington 

by,  ix,  384. 
Wine-making,  Remelin  on,  noticed,  vi, 

432. 
Wmg^   C,  B.,  on  double  sulphatep,  iz, 

356. 
Winkler's  Mus^  Teyler  catalogue,  Iii, 

284;  V,  12!. 
WModt^  J, J  on  sohir  eclipse,  viii,  434. 
Winnecke,  discovery  of  comet,  1,  104. 
WinshWy  C.  F,,  tides  and  earthquakes,  ii, 
46. 
human  remains  in  California,  vL  407. 
Wbhletj  F.f  graphitoidal  boron,  iii,  250, 
388. 

laurite  and  diamonds  in  Oregon,  viii, 
441. 
Wolft  C,  equivalent  of  cerium,  vi  53. 
Wc^fhkm,  transparent,  DeaCMxeaux,  viii, 

137. 
WaOe,  C.  F.J  on  supposed  hercynite,  viii, 

850. 
Wbod,  K  Cf  Alg89  fh>m  California  hot 

spring,  vi,  31. 
Woods.  N.  A.,  Mjrriapoda,  noticed,  i,  136 
WoodvHwrdj  if.,  new  Paleozoic  fossils,  ii, 

264,  272. 
Woodward^  J.  J*.,  photo-micmgraphy,  ii, 
189. 
Nobert's  test-i^te,  vi,  352. 

niueteen  band  test-plate,  viii, 
169. 

magnciium  and  electric  lights    in 
photo-microg^raphy,  ix,  294. 

Calcium  light  in  photo-micrography, 

1,  366. 

Workshop,  The,  noticed,  vi,  151,  484. 

Wormley's  Micro-Chemistry  of  Poisons, 

noticed,  iv,  140. 
Warthen^  A.  K^  geoL  survey  of  HI.,  ii, 
291;  iii,  110,  H95;  vii,  151. 

Paleontology  of  Illmois,  etc..  iii,  113. 
on  paleossoic  crinoidea,  viii,  23. 
Wright,  A.  W.,  form  of  discharge  be 
tween  poles  of  electric  madiine,  ix, 
381. 

Wwrhj  A,,  synthesis  of  aromatic  adds,  1, 
115. 


Wwrhy  U,,  sodium  amalgam,  i,  216. 

on  grahamite,  ii,  420. 

atmospheric  air  mixed   with    gas, 
viii,  40. 

gas-well  in  New  York,  ix,  336. 

on  flame  temperatures,  ix,  339. 
TTymofi,  «/*.,   observations   and   experi- 
ments on  living  organisms  in  heated 
water,  iv,  152. 

on  a  crocodile  in  Florida,  ix,  105. 


Yale  College,  Peabody's  gift  to.  iii,  131. 

Yosemite  guide-book,  viii,  148. 

Towng^  C.  A.^  printing  chronograph,  ii, 
99. 

on  a  new  method  of  observing  con- 
tacts at  the  sun's  limb,  eta,  viii,  370, 
463. 

photograph  of  solar  prominence,  1, 
404. 

Yttria,  Bahr  and  Bunsen,  i,  399. 


Zinc  and  manganese  precipitated  as  sul- 

phids  TbiboU,  1,  244. 
Zirconium,  new  element  associated  with, 

vUi.  405. 

ZoUner,  J.  C.  /!,  oa  astro-photometer,  ii, 
418. 

observations  on  the  protuberances 
of  the  sun.  viii,  401. 
new  spectroscope,  etc.,  ix,  58. 
2Soological  nomenclature,  VerriU,  viii,  92. 
Zoological  Works,  noticed — 
ABeny  if..  Comparative  Anatomy,  vii. 

149. 
AQen,  J.  A,j  Catalogue  of  Mass.  rep- 
tiles and  batriichians,  vii,  285. 
Bisckojff  on  gorilla,   diimpans^    and 

orang-out  ing,  iv,  142. 
Clarky  H,  J,^  Spongise  ciliates,  v,  418. 
Cope,  E.  />.,  Families  of  raniform  Anu- 
ra,  V,  418. 
Allegheny  fishes,  Va.,  vii,  285. 
Batiiichia  ReptiUa,  and  Aves,  ex- 
tinct, of  N.  A.,  by,  viii,  451. 
Cbtiev,  Colymbus  torquatus,  iii,  411. 
Birds  of  N.  Enjrland,  vii,  150. 
a  Carolina,  vii,  150. 
Sdwards,  N.  Ameiican  butterflies,  vi, 

150,436;  vii,  150. 
Oray,  Synopsis  of  the  star-flshes,  in 

the  British  Museum,  iv,  426. 
Gratej  ZygsenidaB  of  Cuba,  iii,  411. 
Eyattj    moUusoous   order    Tetrabran- 
chiata,  iv,  124. 

Journal  of  Anat  and  PhysioL,  v, 
124. 
Polyzoa,  vi,  150. 
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Zoological  Wobkb,  noticed: — 
Lea,  Unionidie.  iii.  41 L. 

Indox  UnionidsBf  y  129. 
Murray,  geoj^phical  distribution  of 

mammcds,  iii^  410. 
Packard,  Invertebrate  fauna  of  Labra- 
dor, iv,  117. 
Study  of  Insects,  vi,  274. 
Parker  and  Jones,  oceanic  Foraminifera, 
i,  287.  1 

Record  of   Zoological  literature, 
1864,  i,  287;  1866,  iv,  144. 
Scudder,  Fossil  Neuroptera,  iii,  411. 

N.  Amer.  Orthoptera,  vii,  436. 
Storer,  Fi<<hes  of  Mass.,  v,  1 29. 
SUmpwn  on  the  Hydrobiin«e,  i,  270. 
Verrill,  Polyps  and  Corals  of  N.  Pa- 
cific Expl.  Exped.,  i,  136. 

on  IlartI'  corals  and  echinoderms 
from  BMzil,  v.  416. 

Echinoderms  from  Lower  CaL.  v. 
417. 

Radinta  in  Museum  of  Yale  Col- 
lege, iv,  125;  vii,  286. 
Wilder  J  morpiiology  and  teleology  in 

limbs  of  mammals,  i,  132. 
Wood,  myriapoda.  I  136. 
Zoology — 

Alcyonaria.  in  Y.  C.  Museum,   Verritt, 

vi,  143. 
Animal  Commensalism,    Van  Beneden, 

1,  285. 
Anthozoa,  polymorphism  f>f,  vi,  273. 
Birds  of  N.  America,  diHtrilsution  and 
migration  of,  I  78,  184,  249,  337. 
Elliott's  proposed  work  on,  i,  288. 
on  oarbolizing,  Parker,  1,  283. 
Brachiopoda,   a  division  of  aanelida, 
Morse,  1,  JOG. 
early  stages  of,  Morse,  ix,  103. 
Butterfiies  of  N.  A,  part  5,  ix,  427. 
Carboniferous  insects,  Scudder,  vt  419. 
Corals  an«l  polyps  of  West  Coast  of 

America,  VerriU,  viii,  432. 
Crustacea,     new,    ^thra,    Scvlaridse, 
Smith,  vui,  118. 
of  Brazil,  Smiih,  viii,  388. 
Phyllopod  viii,  240,  430. 
American,  ix,  426. 
Cvstidean,  recent,  LovSn,  yiii,  429. 
Diinorpliodou,  1,  134,  4*24,  426. 
Dodo,  skeletons  of,  found,  i,  273. 
Echini,  crinoids,  etc.,   from  deep  sea 
dredgings,  viii,  451. 


'Zoology — 

Echinoderms  and  Corals  from  Gulf  of 

CaL,  VerrUl,  ix,  98. 
Elasmog^thus  Dowii,  GiU  1.  141. 
Entosoa,  new  species  of,  VerriU,  1 223. 
Ethmophyllum    and     ArcheayaUius, 

Meek,  vi,  144. 
Flying  fish,  fllKht  of,  Mann,  I  272. 
I    Fossil,  see  Oeoiogy, 
I     G«steropod!<,  sulphuric  acid  of,  ix,  420. 
Gu  f  stream  fauna,  Pourtales,  vi,  409, 

413. 
Halcronoid  polyps  in  Yale  CoUege  Mo- 

seum,  VerriU,  v,  411 ;   vii,  282;  viii 

419 ;  KoUiker,  I,  430. 
Horse,  fossil,  Marsh,  vi,  374;  Oie«n,I, 

424. 
Jelly-fish  and  actinians   iVom  Uaine, 

VerrUl,  y\vl  116. 
L89*ap8,  Cope,  vi,  415. 
Leporide,  Pigeaux,  v,  127. 
Life  and  Specie^,  Owen,  vii,  33. 
Living  forms  in  hot  waters  of  Califor- 
nia, V.  239. 
Mole  crickets,  Scudder^  vi,  417. 
Mollusoan  fauna  of  New  Haven,  ix, 

276. 
Natural  Selection,  Waliace,  1,  142. 
New  Corals,  VerriU,  ix,  370. 
Nudibranchiata,  New  England.  VerriSij 

1,  4M5. 
Pennatula  family,  Richiardi.  ix,  426. 
Poljrps  and  Crustacea  of  the  Rin^goki 

Exploring   Expedition,    VerriU,  viii, 

431. 
Prot')zoa  i,  421. 
Scorpion,  etc.,  from  IlL,  Meek  and  Wor- 

then,  vi,  19. 
Sea-urchin  of  New  England,    VeniH, 

ix,  101. 
Shells  planted  in  Erie  Canal,  v,  137. 
of  Gulf  of  California,    VerriU.  ii. 

217. 
Siredon  metamorphosed  into  Ambljs- 

toma.  Marsh,  vi,  364,  436;  SiUiman, 

vl  421. 
Tapif,  new  species  of,  OiU,  I,  141. 
Tubipone,  structure  of,  vi,  273. 
Unionidae,  Synopsis  of,  Lea.  I.  284. 
Unios  sensitive   to   light.    White,  vii, 

280;  Lea,  vii,  430. 
Zoology,  new  preserving  fluid  for,  Ver- 
riU, i,  269. 
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